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SINGLE-STRANDED NUCLEIC ACID MOLECULE FOR
CONTROLLING GENE EXPRESSION

Technical Field

[0001] The present invention relates to a single-stranded nucleic acid
molecule that inhibits gene expression, a composition containing the
single-stranded nucleic acid molecule, and the use of the single-stranded

nucleic acid molecule.

Background Art

[0002] As a technique for inhibiting gene expression, RNA interference
(RNAY is known, for example (Non-Patent Document 1). Inhibition of gene
expression by RNA interference generally is carried out by administering a
short double-stranded RNA molecule to a cell or the like, for example. The
double-stranded RNA molecule generally is called siRNA (small interfering
RNA). It has been reported that not only siRNA but also a circular RNA
molecule that i1s rendered partially double-stranded by intermolecular
annealing also can inhibit gene expression (Patent Document 1). However,
the RNA molecules used in these techniques to induce the inhibition of the
gene expression have the following problems.

[0003] First, in order to produce the siRNA, it is necessary to synthesize a
sense strand and an antisense strand separately and to hybridize these
strands at the end of the process. Thus, there 1s a problem of low
manufacturing efficiency. Furthermore, when the siRNA is administered to
a cell, it 1s necessary to administer the siRNA to the cell while repressing the
dissociation to single-stranded RNAs, which requires a laborious task of
setting the conditions for handling the siRNA. On the other hand, the

circular RNA molecule has a problem in that its synthesis is difficult.
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[0004] Patent Document 1: JP 2008-278784 A

Non-Patent Document(s)

[0005] Non-Patent Document 1: Fire. et al., Nature, vol. 391, pp. 806-811,
1998.

Brief Summary of the Invention
[0006] With the foregoing in mind, the present invention providesa novel
nucleic acid molecule that can inhibit gene expression and also can be
produced easily and efficiently.
[0006a] In a first aspect there is provided a single-stranded RNA molecule
comprising:

a single expression inhibitory sequence that inhibits expression of a
target gene, wherein

the single-stranded nucleic acid molecule comprises, in sequence from
a 5 side to a 3’ side: a 5’ side region (Xc); an inner region (Z); and a 3’ side
region (Yc),

the inner region (Z) is composed of an inner 5’ side region (X) and an
inner 3’ side region (Y) that are linked to each other,

the 5 side region (Xc) is complementary to the inner 5’ side region (X),

the 3’ side region (Yc) is complementary to the inner 3’ side region (Y),
and

the inner region (Z) comprises the expression inhibitory sequence;

the number of bases (Z) in the inner region (Z), the number of bases
(Xc) in the 5’ side region (Xc), and the number of bases (Yc) in the 3’ side
region (Yc) satisfy Z > Xc + Yc¢; and

(a) Z - Xc+Yc)is 0or 1 to 10,

(b) the number of bases (Z) in the inner region (Z) is 19 to 30,

(© Xcis 1to 7or Ycis 1to 9.
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[0006b] In a second aspect there is provided a composition for inhibiting
expression of a target gene, the composition comprising:

the single-stranded nucleic acid molecule according to the first aspect.
[0006¢c] In a third aspect there is provided a pharmaceutical composition
comprising:

a single-stranded nucleic acid molecule according to the first aspect.
[0006d] In a fourth aspect there is provided a method for inhibiting
expression of a target gene, the method comprising the step of:

using the single-stranded nucleic acid molecule according to the first
aspect.

[0006e] In a fifth aspect there is provided a method for inducing RNA
interference that inhibits expression of a target gene, the method comprising
the step of:

using the single-stranded nucleic acid molecule according to the first
aspect.

[0006f] In a sixth aspect there is provided a method for treating a disease,
the method comprising the step of:

administering to a patient a single-stranded nucleic acid molecule
according to the first aspect ,

wherein the single-stranded nucleic acid molecule comprises, as the
expression inhibitory sequence, a sequence that inhibits expression of a gene
associated with or causing the disease.

[0006g] In a seventh aspect there is provided a use of the single-stranded
nucleic acid molecule according to the first aspect for inhibiting expression of
a target gene.

[0006h] In an eighth aspect there is provided a use of the single-stranded
nucleic acid molecule according to the first aspect for inducing RNA
interference.

[0006i] In a ninth aspect there is provided a nucleic acid molecule for use in

treatment of a disease, wherein
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the nucleic acid molecule is the single-stranded nucleic acid molecule
according to the first aspect, and

the single-stranded nucleic acid molecule comprises, as the expression
inhibitory sequence, a sequence that inhibits expression of a gene causing the
disease.
[0006j] It is to be noted that, throughout the description and claims of this
specification, the word 'comprise' and variations of the word, such as
'comprising' and 'comprises’, is not intended to exclude other variants or
additional components, integers or steps. Modifications and improvements
to the invention will be readily apparent to those skilled in the art. Such
modifications and improvements are intended to be within the scope of this
invention.
[0006k] Any reference to or discussion of any document, act or item of
knowledge in this specification is included solely for the purpose of providing
a context for the present invention. It is not suggested or represented that
any of these matters or any combination thereof formed at the priority date
part of the common general knowledge, or was known to be relevant to an
attempt to solve any problem with which this specification is concerned.
[0007] The present invention also provides a single-stranded nucleic acid
molecule including an expression inhibitory sequence that inhibits expression
of a target gene. The single-stranded nucleic acid molecule includes, in
sequence from the 5’ side to the 3’ side: a 5’ side region (Xc); an inner region
(Z); and a 3 side region (Yc). The inner region (Z) is composed of an inner 5’
side region (X) and an inner 3’ side region (Y) that are linked to each other.
The 5 side region (Xc) is complementary to the inner 5’ side region (X). The
3’ side region (Yc) is complementary to the inner 3’ side region (Y). At least
one of the inner region (Z), the 5 side region (Xc), and the 3’ side region (Yc)

includes the expression inhibitory sequence.
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[0008] The present invention also provides a composition for inhibiting the
expression of a target gene. The composition contains the single-stranded
nucleic acid molecule according to the present invention.

[0009] The present invention also provides a pharmaceutical composition
containing the single-stranded nucleic acid molecule according to the present
invention.

[0010] The present invention also provides a method for inhibiting the

expression of a target gene. In this method, the single-stranded nucleic acid



molecule according to the present invention is used.

[0011] The present invention also provides a method for treating a disease,
including the step of: administering the single-stranded nucleic acid molecule
according to the present invention to a patient. The single-stranded nucleic
acid molecule includes, as the expression inhibitory sequence, a sequence that
inhibits expression of a gene causing the disease.

[0012] According to the single-stranded nucleic acid molecule of the present
Invention, it 1s possible to inhibit gene expression. Moreover, since the
single-stranded nucleic acid molecule is not circular, it can be synthesized
easily. Also, since it is a single strand, an annealing step required in the
production of a double strand is not necessary, so that it can be produced
efficiently.

[0013] It is the inventors of the present invention who first discovered that
the gene expression can be inhibited according to the structure of the
single-stranded nucleic acid molecule of the present invention. Itis
speculated that the gene inhibitory effect of the single-stranded nucleic acid
molecule of the present invention is caused by a phenomenon similar to RNA
interference. It is to be noted, however, that the inhibition of the gene
expression in the present invention is not limited or restricted by RNA

interference.

Brief Description of Drawings

[0014] [FIG. 1] FIG. 1 shows schematic views illustrating an example of the
single-stranded nucleic acid molecule of the present invention.

[FIG. 2] FIG. 2 shows schematic views illustrating another example of the
single-stranded nucleic acid molecule of the present invention.

[FIG. 3] FIG. 3 shows schematic views illustrating other examples of the
single-stranded nucleic acid molecule of the present invention.

[FIG. 4] FIG. 4 is a graph showing the relative expression level of the

GAPDH gene in an example of the present invention.



[FIG. 5] FIG. 5 is a graph showing the relative expression level of the
GAPDH gene in another example of the present invention.

[FIG. 6] FIG. 6 is a graph showing the relative expression level of the
GAPDH gene in A549 cells in still another example of the present invention
[FIG. 7] FIG. 7 is a graph showing the relative expression level of the
GAPDH gene in 293 cells in the example of the present invention.

[FIG. 8] FIG. 8 is a graph showing the expression level of the TGF-f1 gene
in still another example of the present invention.

[FIG. 9] FIG. 9 is a graph showing the expression level of TGF-B1 per unit
lung weight in each administration group in still another example of the
present invention.

[FIG. 10] FIG. 10 is a graph showing the number of cells in a BALF sample
in each administration group in the example of the present invention.
[FIG. 11] FIG. 11 is a graph showing the number of neutrophils in a BALF
sample in each administration group in the example of the present
invention.

[FIG. 12] FIG. 12 show photographs each showing the result of Giemsa
staining of cells in a BALF sample in the example of the present invention.
FIG. 12A shows the result obtained regarding the administration group 4
(LPS (+)/RNA (). FIG. 12B shows the result obtained regarding the
administration group 6 (LPS (+)/negative control NK-0035 (+)). FIG. 12C
shows the result obtained regarding the administration group 5 (LPS
(+)/NK-0033 (+)).

[FIG. 13] FIG. 13 shows photographs each showing the result of the HE
staining of the lung tissue in the example of the present invention. FIG.
13A shows the result obtained regarding the administration group 4 (LPS
(+)/RNA (-)). FIG. 13B shows the result obtained regarding the
administration group 6 (LPS (+)/negative control NK-0035 (+)). FIG. 13C
shows the result obtained regarding the administration group 5 (LPS

(+)/NK-0033 (+)).



[FIG. 14] FIG. 14A shows the result of measuring the expression level of
the TGF-B1 gene in still another example of the present invention. FIG.
14B shows the result of measuring the expression level of the IFN-a gene
in the example of the present invention. FIG. 14C shows the result of
measuring the expression level of the IFN-B gene in the example of the
present invention.

[FIG. 15] FIG. 15 is a graph showing the relative value of the expression
level of the TGF-B1 gene in still another example of the present invention.
[FIG. 16] FIG. 16 is a graph showing the relative value of the expression
level of the TGF-B1 gene in the example of the present invention.

[FIG. 17] FIG. 17 is a graph showing the expression level of the TGF-B1
gene per unit lung weight in each administration group in still another
example of the present invention.

[FIG. 18] FIG. 18A is a graph showing the amount of TNF-a in a BALF
sample in each administration group in the example of the present
invention. FIG. 18B is a graph showing the amount of IFN-B in a BALF
sample in each administration group in the example of the present
invention.

[FIG. 19] FIG. 19 is a graph showing the relative expression level of the
LAMA1 gene in 293 cells in still another example of the present invention.
[FIG. 20] FIG. 20 is a graph showing the relative expression level of the
LMNA gene in A549 cells in still another example of the present invention.
[FIG. 21] FIG. 21 shows ssRNA used in still another example of the present
invention.

[FIG. 22] FIG. 22 is a graph showing the relative expression level of the
GAPDH gene in the example of the present invention.

[FIG. 23] FIG. 23 shows ssRNA used in still another example of the present
invention.

[FIG. 24] FIG. 24 is a graph showing the relative expression level of the

GAPDH gene in the example of the present invention.



[FIG. 25] FIG. 25 shows ssRNA used in still another example of the present
invention.

[FIG. 26] FIG. 26 is a graph showing the relative expression level of the
GAPDH gene in the example of the present invention.

[FIG. 27] FIG. 27 shows ssRNA used in still another example of the present
invention.

[FIG. 28] FIG. 28 is a graph showing the relative expression level of the
GAPDH gene in the example of the present invention.

[FIG. 29] FIG. 29 is a graph showing the relative expression level of the
GAPDH gene in still another example of the present invention.

[FIG. 30] FIG. 30 is a graph showing the relative expression level of the
GAPDH gene in HCT116 cells in still another example of the present
invention.

[FIG. 31] FIG. 31 is an electrophoretogram showing ribonuclease resistance
in still another example of the present invention.

[FIG. 32] FIG. 32 is an electrophoretogram showing S7 nuclease resistance

in still another example of the present invention.

Mode for Carrying out the Invention
[0015] Terms used in the present specification each have a meaning
generally used in the art, unless otherwise stated.

[0016] 1. ssNc molecule

The single-stranded nucleic acid molecule of the present invention is,
as described above, a single-stranded nucleic acid molecule including an
expression inhibitory sequence that inhibits expression of a target gene. The
single-stranded nucleic acid molecule includes, in sequence from the 5’ side to
the 3’ side: a 5’ side region (Xc); an inner region (7); and a 3’ side region (Yc).
The inner region (Z) is composed of an inner 5’ side region (X) and an inner 3’
side region (Y) that are linked to each other. The 5’ side region (Xc) is

complementary to the inner 5 side region (X). The 3’ side region (Yc) is



complementary to the inner 3’ side region (Y). At least one of the inner
region (Z), the 5’ side region (Xc), and the 3’ side region (Yc) includes the
expression inhibitory sequence.

[0017] In the present invention, “inhibition of expression of a target gene”
means disrupting the expression of the target gene, for example. The
mechanism by which the inhibition 1s achieved is not particularly limited,
and may be downregulation or silencing, for example. The inhibition of the
expression of the target gene can be verified by: a decrease in the amount of a
transcription product derived from the target gene; a decrease in the activity
of the transcription product; a decrease in the amount of a translation
product generated from the target gene; a decrease in the activity of the
translation product; or the like, for example. The proteins may be mature
proteins, precursor proteins before being subjected to processing or
post-translational modification, or the like, for example.

[0018] The single-stranded nucleic acid molecule of the present invention
hereinafter also may be referred to as the “ssNc molecule” of the present
invention. The ssNc molecule of the present invention can be used to inhibit
the expression of a target gene in vivo or in vitro, for example, so that it also
can be referred to as an “ssNc¢ molecule for inhibiting the expression of a
target gene” or “inhibitor of the expression of a target gene”. Furthermore,
the ssNc molecule of the present invention can inhibit the expression of a
target gene by, for example, RNA interference, so that it also can be referred
to as an “ssNc molecule for RNA interference”, “RNA interference-inducting
molecule”, “RNA interference agent”, or “RNA interference-inducting agent”.
The ssNc molecule of the present invention also can inhibit a side effect such
as interferon induction, for example.

[0019] In the ssNc molecule of the present invention, the 5’ end and the 3’
end are not linked to each other. Thus, the ssNc¢c molecule of the present
invention also can be referred to as a “linear single-stranded nucleic acid

molecule”. The ssNc molecule of the present invention is configured so that,



for example, in the inner region (7), the inner 5’ side region (X) and the inner
3’ side region (Y) are linked directly to each other.

[0020] In the ssNc molecule of the present invention, the 5’ side region (Xc)
is complementary to the inner 5 side region (X), and the 3’ side region (Yc) is
complementary to the inner 3’ side region (Y). Thus, on the 5’ side, a double
strand can be formed by fold-back of the region (Xc) toward the region (X) and
self-annealing of the regions (Xc) and (X). On the 3’side, a double strand can
be formed by fold-back of the region (Yc) toward the region (Y) and
self-annealing of the regions (Yc) and (Y). The ssNc molecule of the present
invention can form a double strand intramolecularly as described above.
Thus, the structure of the ssNc molecule is totally different from the structre
of a double-stranded RNA obtained through annealing of two separate
single-stranded RNAs, such as siRNA conventionally used in RNA
interference, for example.

[0021] In the ssNc molecule of the present invention, the expression
inhibitory sequence is a sequence that exhibits an activity of inhibiting the
expression of a target gene when the ssNc¢ molecule of the present invention
1s introduced into a cell in vivo or in vitro, for example. The expression
inhibitory sequence is not particularly limited, and can be set as appropriate
depending on the kind of a target gene whose expression is to be inhibited.
As the expression inhibitory sequence, a sequence involved in RNA
interference caused by siRNA can be used as appropriate, for example.
Generally, RNA interference is a phenomenon in which a long
double-stranded RNA (dsRNA) is cleaved in a cell by Dicer to produce a
double-stranded RNA (siRNA: small interfering RNA) composed of about 19
to 21 base pairs and having a protruding 3’ end, and one of the
single-stranded RNAs composing the siRNA binds to a target mRNA to
degrade the mRNA, whereby the translation of the mRNA is inhibited. As
the sequence of the single-stranded RNA of the siRNA binding to the target

mRNA, various kinds of sequences for various kinds of target genes have



been reported, for example. In the present invention, for example, the
sequence of the single-stranded RNA of the siRNA can be used as the
expression inhibitory sequence.
[0022] It should be noted that the point of the present invention is not the
sequence information of the expression inhibitory sequence for the target
gene. Actually, the present invention relates to the structure of a nucleic
acid molecule for allowing a target gene inhibitory activity brought about by
the expression inhibitory sequence to function in a cell, for example.
Therefore, in the present invention, not only the sequences of the
single-stranded RNA of the siRNA known at the time of the filing of the
present application but also sequences that would be identified in the future
can be used as the expression inhibitory sequence, for example.
[0023] The expression inhibitory sequence preferably is at least 90%
complementary, more preferably 95% complementary, still more preferably
98% complementary, and particularly preferably 100% complementary to a
predetermined region of the target gene, for example. When the expression
inhibitory sequence satisfies the above-described complementarity, an
off-target effect can be reduced sufficiently, for example.
[0024] Specific examples of the expression inhibitory sequence are as follows:
when the target gene is the GAPDH gene, a 19-mer sequence shown in SEQ
ID NO: 1 can be used, for example; when the target gene is the TGF-f1 gene,
a 21-mer sequence shown in SEQ ID NO: 16 can be used, for example; when
the target gene is the LAMA1 gene, a 19-mer sequence shown in SEQ ID NO:
5 can be used, for example; and when the target gene is the LMNA gene, a
19-mer sequence shown in SEQ ID NO: 6 can be used, for example.
5-GUUGUCAUACUUCUCAUGG-3 (SEQ ID NO: 1)
5-AAAGUCAAUGUACAGCUGCUU-3’ (SEQ ID NO: 16)
5-AUUGUAACGAGACAAACAC-3 (SEQ ID NO: 5)
5-UUGCGCUUUUUGGUGACGC-3’ (SEQ ID NO: 6)
[0025] Tt is speculated that the inhibition of the expression of a target gene
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by the ssNc molecule of the present invention is achieved by RNA
interference or a phenomenon similar to RNA interference (RNA
interference-like phenomenon) caused by the structure of the ssNc molecule
in which the expression inhibitory sequence is included in at least one of the
inner region (Z), the 5 side region (Xc), and the 3’ side region (Yc), for
example. It should be noted, however, that the present invention is by no
means limited by this mechanism. Unlike the so-called siRNA, the ssNc
molecule of the present invention is not introduced to a cell or the like in the
form of dsRNA composed of two single-stranded RNAs, and it is not always
necessary to cleave out the expression inhibitory sequence in the cell, for
example. Thus, it can be said that the ssNc molecule of the present
invention exhibits an RNA interference-like function, for example.

[0026] In the ssNc molecule of the present invention, the expression
inhibitory sequence is included in at least one of the inner region (Z), the 5’
side region (Xc), and the 3’ side region (Yc), as described above. The ssNc
molecule of the present invention may include one expression inhibitory
sequence, or two or more expression inhibitory sequences, for example.
[0027] In the latter case, the ssNc molecule of the present invention may
include, for example: two or more identical expression inhibitory sequences
for the same target gene; two of more different expression inhibitory
sequences for the same target gene; or two or more different expression
inhibitory sequences for different target genes. When the ssNc molecule of
the present invention includes two or more expression inhibitory sequences,
the positions of the respective expression inhibitory sequences are not
particularly limited, and they may be in one region or different regions
selected from the inner region (Z), the 5 side region (Xc), and the 3’ side
region (Yc). When the ssNc molecule of the present invention includes two
or more expression inhibitory sequences for different target genes, the ssNc
molecule of the present invention can inhibit the expressions of two or more

kinds of different target genes, for example.
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[0028] As described above, the inner region (Z) is composed of the inner 5’
side region (X) and the inner 3’ side region (Y) that are linked to each other.
The regions (X) and (Y) are linked directly to each other with no intervening
sequence therebetween, for example. The inner region (Z) is described as
being “composed of the inner 5 side region (X) and the inner 3’ side region (Y)
that are linked to each other” merely to indicate the sequence context
between the 5’ side region (Xc) and the 3’ side region (Yc). This discription
does not intend to limit that, in the use of the ssNc¢ molecule, the 5’ side
region (Xc) and the 3’ side region (Xc) in the inner region (Z) are discrete
independent regions, for example. That is, for example, when the expression
inhibitory sequence is included in the inner region (Z), the expression
inhibitory sequence may be arranged so as to extend across the regions (X)
and (Y) in the inner region (Z).

[0029] In the ssNc molecule of the present invention, the 5’ side region (Xc)
is complementary to the inner 5’ side region (X). It is only necessary that the
region (Xc) has a sequence complementary to the entire region or part of the
region (X). Specifically, for example, it is preferable that the region (Xc)
includes or is composed of a sequence complementary to the entire region or a
part of the region (X). The region (Xc) may be perfectly complementary to
the entire region or part of the region (X), or one or a few bases in the region
(Xc) may be noncomplementary to the same, for example. Preferably, the
region (Xc) is perfectly complementary to the same. In the ssNc¢ molecule of
the present invention, the 3’ side region (Yc) is complementary to the inner 3’
side region (Y). It is only necessary that the region (Yc) has a sequence
complementary to the entire region or part of the region (Y). Specifically, for
example, it is preferable that the region (Yc) includes or is composed of a
sequence complementary to the entire region or part of the region (Y). The
region (Yc) may be perfectly complementary to the entire region or part of the
region (Y), or one or a few bases in the region (Yc) may be noncomplementary

to the same, for example. Preferably, the region (Yc) is perfectly
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complementary to the same. The expression “one or a few bases” means, for
example, 1 to 3 bases, preferably 1 base or 2 bases.

[0030] In the ssNc molecule of the present invention, the 5’ side region (Xc)
and the inner 5’ side region (X) may be linked to each other either directly or
indirectly, for example. In the former case, the regions (Xc) and (X) may be
linked directly by phosphodiester linkage, for example. In the latter case,
the ssNc molecule may be configured so that it has a linker region (Lx)
between the regions (Xc) and (X), and the regions (Xc) and (X) are linked via
the linker region (Lx), for example.

[0031] In the ssNc molecule of the present invention, the 3’ side region (Yc)
and the inner 3’ side region (Y) may be linked to each other either directly or
indirectly, for example. In the former case, the regions (Yc) and (Y) may be
linked directly by phosphodiester linkage, for example. In the latter case,
the ssNc molecule may be configured so that it has a linker region (Ly)
between the regions (Yc) and (Y), and the regions (Yc) and (Y) are linked via
the linker region (Ly), for example.

[0032] The ssNc molecule of the present invention may have both the linker
regions (Lx) and (Ly), or may have either one of them, for example. In the
latter case, the ssNc molecule of the present invention may be configured so
that, for example, it has the linker region (Lx) between the 5’ side region (Xc)
and the inner 5’ side region (X) and does not have the linker region (Ly)
between the 3’ side region (Yc) and the inner 3’ side region (Y), i.e., the
regions (Yc) and (Y) are linked directly to each other. Also, in the latter case,
the ssNc molecule of the present invention may be configured so that, for
example, it has the linker region (Ly) between the 3’ side region (Yc) and the
inner 3’ side region (Y) and does not have the linker region (Lx) between the
5’ side region (Xc) and the inner 5’ side region (X), i.e., the regions (Xc) and
(X) are linked directly to each other.

[0033] Preferably, the linker regions (Lx) and (Ly) each have a structure such

that self-annealing is not caused inside themselves.
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[0034] FIG. 1 shows schematic views illustrating an example of the ssNc
molecule of the present invention, including no linker region. FIG. 1Ais a
schematic view showing the order of the respective regions from the 5’ side to
the 3’ side in the ssNc molecule. FIG. 1B is a schematic view showing the
state where double strands are formed in the ssNc molecule. As shown in
FIG. 1B, in the ssNc molecule, the 5 side region (Xc) folds back, whereby a
double strand is formed by the 5’ side region (Xc) and the inner 5’ side region
(X), and the 3’ side region (Yc) folds back, whereby a double strand is formed
by the 3’ side region (Yc) and the inner 3’ side region (Y). The schematic
views shown in FIG. 1 merely illustrate the order in which the respective
regions are linked to each other and the positional relationship of the
respective regions forming the double strands, and they do not limit the
length and the like of each region, for example.

[0035] FIG. 2 shows schematic views illustrating an example of the ssNc
molecule of the present invention, including the linker regions. FIG. 2A1is a
schematic view showing the order of the respective regions from the 5’ side to
the 3’ side in the ssNc molecule, as an illustrative example. FIG. 2B1is a
schematic view showing the state where double strands are formed in the
ssNc molecule. As shown in FIG. 2B, in the ssNc¢ molecule, double strands
are formed between the 5’ side region (Xc) and the inner 5’ side region (X) and
between the inner 3’ side region (Y) and the 3’ side region (Yc), respectively,
and the Lx region and the Ly region each is a loop structure. The schematic
views shown in FIG. 2 merely illustrates the order in which the respective
regions are linked and the positional relationship of the respective regions
forming the double strands, and they do not limit the length and the like of
each region, for example.

[0036] In the ssNc molecule of the present invention, the number of bases in
each of the 5 side region (Xc), the inner 5’ side region (X), the inner 3’ side
region (Y), and the 3’ side region (Yc) is not particularly limited, and may be

as follows, for example. In the present invention, “the number of bases”
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means the “length”, for example, and it also can be referred to as the “base
length”.

[0037] As described above, the 5’ side region (Xc) may be complementary to
the entire region of the inner 5’ side region (X), for example. In this case, it
is preferable that, for example, the region (Xc) has the same base length as
the region (X), and is composed of a base sequence complementary to the
entire region extending from the 5’ end to the 3’ end of the region (X). Itis
more preferable that the region (Xc) has the same base length as the region
(X), and all the bases in the region (Xc) are complementary to all the bases in
the region (X), i.e., the region (Xc) is perfectly complementary to the region
(X), for example. It is to be noted, however, that the configuration of the
region (Xc) is not limited thereto, and one or a few bases in the region (Xc)
may be noncomplementary to the corresponding bases in the region (X), for
example, as described above.

[0038] Furthermore, as described above, the 5’ side region (Xc) may be
complementary to part of the inner 5’ side region (X), for example. In this
case, it is preferable that, for example, the region (Xc) has the same base
length as the part of the region (X), i.e., the region (Xc) is composed of a base
sequence whose base length is shorter than the base length of the region (X)
by one or more bases. It is more preferable that the region (Xc) has the same
base length as the part of the region (X) and all the bases in the region (Xc)
are complementary to all the bases in the part of the region (X), i.e., the
region (Xc) is perfectly complementary to the part of the region (X), for
example. The part of the region (X) preferably is a region (segment) having
a base sequence composed of successive bases starting from the base at the 5’
end (the 1st base) in the region (X), for example.

[0039] As described above, the 3’ side region (Yc) may be complementary to
the entire region of the inner 3’ side region (Y), for example. In this case, it
is preferable that, for example, the region (Yc) has the same base length as

the region (Y), and is composed of a base sequence complementary to the
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entire region extending from the 5’ end to the 3’ end of the region (Y). Itis
more preferable that the region (Yc) has the same base length as the region
(Y), and all the bases in the region (Yc) are complementary to all the bases in
the region (Y), i.e., the region (Yc) is perfectly complementary to the region
(Y), for example. It is to be noted, however, that the configuration of the
region (Yc) is not limited thereto, and one or a few bases in the region (Yc)
may be noncomplementary to the corresponding bases in the region (Y), for
example, as described above.
[0040] Furthermore, as described above, the 3’ side region (Yc) may be
complementary to part of the inner 3’ side region (Y), for example. In this
case, it is preferable that, for example, the region (Yc) has the same base
length as the part of the region (Y), i.e., the region (Yc) is composed of a base
sequence whose base length is shorter than the base length of the region (Y)
by one or more bases. It is more preferable that the region (Yc) has the same
base length as the part of the region (Y) and all the bases in the region (Yc)
are complementary to all the bases in the part of the region (Y), i.e., the
region (Yc) is perfectly complementary to the part of the region (Y), for
example. The part of the region (Y) preferably is a region (segment) having
a base sequence composed of successive bases starting from the base at the 3’
end (the 1st base) in the region (Y), for example.
[0041] In the ssNc molecule of the present invention, the relationship of the
number of bases (Z) in the inner region (Z) with the number of bases (X) in
the inner 5’ side region (X) and the number of bases (Y) in the inner 3’ side
region (Y), and the relationship of the number of bases (Z) in the inner region
(Z) with the number of bases (X) in the inner 5’ side region (X) and the
number of bases (Xc) in the 5’ side region (Xc) satisfy the conditions of
Expressions (1) and (2), for example.

Z=X+Y (D)

Z>Xc+ Yc .. (2)
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[0042] In the ssNc molecule of the present invention, the length relationship
between the number of bases (X) in the inner 5’ side region (X) and the
number of bases (Y) in the inner 3’ side region (Y) is not particularly limited,

and may satisfy any of the conditions of the following expressions, for

example.
X=Y ... (19)
X<Y ... (20)
X>Y .. (21)

[0043] In the ssNc molecule of the present invention, the relationship
between the number of bases (X) in the inner 5’ side region (X) and the
number of bases (Xc) in the 5’ side region (Xc), and the relationship between
the number of bases (Y) in the inner 3’ side region (Y) and the number of
bases (Yc) in the 3’ side region (Yc) satisfy any of the following conditions (a)
to (d), for example.

(a) Conditions of Expressions (3) and (4) are satisfied.

X>Xc .. (3
Y =Yc o (@

(b) Conditions of Expressions (5) and (6) are satisfied.
X =Xc ... (5
Y >Yece ... (6

(c) Conditions of Expressions (7) and (8) are satisfied.
X > Xc .. (D
Y >Ye ... (8

(d) Conditions of Expressions (9) and (10) are satisfied.
X =Xc ... 9
Y=Yc ..(10)

[0044] In the above-described conditions (a) to (d), the difference between the
number of bases (X) in the inner 5’ side region (X) and the number of bases

(Xc) in the 5’ side region (Xc), and the difference between the number of bases
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(Y) in the inner 3’ side region (Y) and the number of bases (Yc) in the 3’ side
region (Yc) preferably satisfy the following conditions (a) to (d), for example.
(a) Conditions of Expressions (11) and (12) are satisfied.

X —Xc =1 to 10, preferably 1, 2, 3 or 4,

and more preferably 1, 2 or 3 .. (11
Y-Yc=0 .. (12)

(b) Conditions of Expressions (13) and (14) are satisfied.
X-Xc=0 ... (13)

Y - Yc =1 to 10, preferably 1, 2, 3 or 4,
and more preferably 1, 2 or 3 ... (19
(c) Conditions of Expressions (15) and (16) are satisfied.
X — Xc =1 to 10, preferably 1, 2 or 3,

and more preferably 1 or 2 ... (15)
Y-Yc=0 ... (16)
(d) Conditions of Expressions (17) and (18) are satisfied.
X-Xc=0 .. (17)
Y-Yec=0 ... (18)

[0045] Regarding the ssNc molecules satisfying the conditions (a) to (d),
examples of their structures are shown respectively in the schematic views of
FIG. 3. FIG. 3 shows the ssNc molecules including the linker regions (Lx)
and (Ly). FIG. 3A shows an example of the ssNc molecule satisfying the
condition (a); FIG. 3B shows an example of the ssNc molecule satisfying the
condition (b); FIG. 3C shows an example of the ssNc molecule satisfying the
condition (¢); and FIG. 3D shows an example of the ssNc molecule satisfying
the condition (d). In FIG. 3, dotted lines indicate a state where double
strands are formed by self-annealing. The ssNc molecules shown in FIG. 3
are all directed to examples where the relationship between the number of
bases (X) in the inner 5’ side region (X) and the number of bases (Y) in the

inner 3’ side region (Y) satisfy “X < Y” of Expression (20). It is to be noted,
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however, that the relationship is not limited thereto, and “X =Y” of
Expression (19) or “X >Y” of Expression (21) may be satisfied. The
schematic views shown in FIG. 3 merely illustrate the relationship between
the inner 5’ side region (X) and the 5’ side region (Xc) and the relationship
between the inner 3’ side region (Y) and the 3’ side region (Yc), and they do
not limit the length, the shape, and the like of each region, and also the
presence or absence of the linker regions (Lx) and (Ly), for example.

[0046] Each of the ssNc molecules satisfying the conditions (a) to (¢c) is
configured so that, for example, when the double strands are formed by the 5’
side region (Xc) and the inner 5’ side region (X) and by the 3’ side region (Yc)
and the inner 3’ side region (Y), respectively, the inner region (Z) includes at
least one base that cannot be aligned with either of the 5’ side region (Xc) and
the 3’ side region (Yc). In the inner region (Z), the base that cannot be
aligned (a base that does not form the double strand) hereinafter also is
referred to as an “unpaired base”. In FIG. 3, a region composed of the
unpaired base(s) is shown as “F’. The number of bases in the region (F) is
not particularly limited. The number of bases (F) in the region (F) is as
follows, for example: “Xc — X” in the case of the ssNc molecule satisfying the
condition (a); “Y —Yc” in the case of the the ssNc¢ molecule satisfying the
condition (b); and the total of “Xc — X” and “Y — Y¢” in the case of the ssNc
molecule satisfying the condition (c).

[0047] On the other hand, the ssNc molecule satisfying the condition (d) is
configured so that, for example, the entire region of the inner region (Z) is
aligned with the 5’ side region (Xc) and the 3’ side region (Yc), in other words,
the entire region of the inner region (Z) forms a double strand. In the ssNc
molecule satisfying the condition (d), the 5’ end of the 5’ side region (Xc) and
the 3’ end of the 3’ side region (Yc) are not linked to each other.

[0048] Examples of the lengths of the respective regions in the ssNc¢ molecule
of the present invention are given below. It is to be noted, however, that the

present invention 1s by no means limited thereto. In the present invention,
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for example, the numerical range regarding the number of bases discloses all
the positive integers falling within that range. For example, the description
“1 to 4 bases” disclosed all of “1, 2, 3, and 4 bases” (the same applies
hereinafter).

[0049] The total number of the bases in the 5 side region (Xc), the bases in
the 3’ side region (Yc), and the unpaired bases (F) in the inner region (Z) is
equal to the number of the bases in the inner region (Z), for example. Thus,
the length of the 5 side region (Xc) and the length of the 3’ side region (Yc)
can be determined as appropriate depending on the length of the inner region
(Z), the number of the unpaired bases (F), and the positions of the unpaired
bases, for example.

[0050] The number of the bases in the inner region (Z) is 19 or more, for
example. The lower limit of the number of the bases is, for example, 19,
preferably 20, and more preferably 21. The upper limit of the number of the
bases is, for example, 50, preferably 40, and more preferably 30. A specific
example of the number of the bases in the inner region (Z) is 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, or 30.

[0051] When the inner region (Z) includes the expression inhibitory
sequence, the inner region (Z) may be a region composed of the expression
inhibitory sequence only or a region including the expression inhibitory
sequence, for example. The number of bases of the expression inhibitory
sequence 1is, for example, 19 to 30, preferably 19, 20, or 21. When the inner
region (Z) includes the expression inhibitory sequence, the expression
inhibitory sequence further may further have an additional sequence on its 5’
side and/or 3’ side. The number of bases in the additional sequence is, for
example, 1 to 31, preferably 1 to 21, more preferably 1 to 11, and still more
preferably 1 to 7.

[0052] The number of bases in the 5’ side region (Xc) is, for example, 1 to 29,
preferably 1 to 11, more preferably 1 to 7, still more preferably 1 to 4, and
particularly preferably 1, 2, or 3. When the inner region (Z) or the 3’ side
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region (Yc) includes the expression inhibitory sequence, the number of bases
as described above is preferable, for example. A specific example is as
follows: when the number of bases in the inner region (Z) is 19 to 30 (e.g., 19),
the number of bases in the 5’ side region (Xc) is, for example, 1 to 11,
preferably 1 to 7, more preferably 1 to 4, and still more preferably 1, 2, or 3.
[0053] When the 5’ side region (Xc) includes the expression inhibitory
sequence, the 5 side region (Xc) may be a region composed of the expression
inhibitory sequence only or a region including the expression inhibitory
sequence, for example. The length of the expression inhibitory sequence is
as described above, for example. When the 5’ side region (Xc) includes the
expression inhibitory sequence, the expression inhibitory sequence further
may have an additional sequence on its 5’ side and/or 3’ side. The number of
bases in the additional sequence is, for example, 1 to 11, preferably 1 to 7.
[0054] The number of bases in the 3’ side region (Yc) is, for example, 1 to 29,
preferably 1 to 11, more preferably 1 to 7, still more preferably 1 to 4, and
particularly preferably 1, 2, or 3. When the inner region (Z) or the 5’ side
region (Xc) includes the expression inhibitory sequence, the number of bases
as described above is preferable, for example. A specific example is as
follows: when the number of bases in the inner region (Z) is 19 to 30 (e.g., 19),
the number of bases in the 3’ side region (Yc) is, for example, 1 to 11,
preferably 1 to 7, more preferably 1 to 4, and still more preferably 1, 2, or 3.
[0055] When the 3’ side region (Yc) includes the expression inhibitory
sequence, the 3’ side region (Yc) may be a region composed of the expression
inhibitory sequence only or a region including the expression inhibitory
sequence, for example. The length of the expression inhibitory sequence is
as described above, for example. When the 3’ side region (Yc) includes the
expression inhibitory sequence, the expression inhibitory sequence further
may have an additional sequence on its 5’ side and/or 3’ side. The number of

bases in the additional sequence is, for example, 1 to 11, preferably 1 to 7.
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[0056] As described above, the relationship among the number of bases in
the inner region (Z), the number of bases in the 5’ side region (Xc), and the
number of bases in the 3’ side region (Yc) can be expressed by Expression (2):
“Z>Xc +Yc”, for example. Specifically, the number of bases represented by
“Xc + Yc” is equal to the number of bases in the inner region (Z), or lower
than the number of bases in the inner region (Z), for example. In the latter
case, “Z — (Xc +Yc)” is, for example, 1 to 10, preferably 1 to 4, and more
preferably 1, 2, or 3. The “Z — (Xc¢ + Yc)” corresponds to the number of bases
(F) in the unpaired base region (F) in the inner region (Z), for example.

[0057] In the ssNc molecule of the present invention, the lengths of the
linker regions (Lx) and (Ly) are not particularly limited. The length of the
linker region (Lx) preferably is such that, for example, the inner 5 side region
(X) and the 5’ side region (Xc) can form a double strand. The length of the
linker region (Ly) preferably is such that, for example, the inner 3’ side region
(Y) and the 3’ side region (Yc) can form a double strand. When the
components (building blocks) of the linker regions (Lx) and (Ly) include bases,
the number of bases in the linker region (Lx) may be equal to or different
from the number of bases in the linker region (Ly). Also, their base
sequences may be the same or different. The lower limit of the number of
bases in each of the linker regions (Lx) and (Ly) is, for example, 1, preferably
2, and more preferably 3, and the upper limit of the same is, for example, 100,
preferably 80, and more preferably 50. The number of bases in each of the
linker regions specifically is 1 to 50, 1 to 30, 1 to 20, 1 to 10, 1 to 7, or 1 to 4,
for example, but it is not limited to these examples.

[0058] The full length of the ssNc molecule of the present invention is not
particularly limited. In the ssNc molecule of the present invention, the
lower limit of the total number of bases (the number of bases in the full
length ssNc molecule), is, for example, 38, preferably 42, more preferably 50,
still more preferably 51, and particularly preferably 52, and the upper limit of
the same is, for example, 300, preferably 200, more preferably 150, still more
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preferably 100, and particularly preferably 80. In the ssNc molecule of the
present invention, the lower limit of the total number of bases excluding
those in the linker regions (Lx) and (Ly) is, for example, 38, preferably 42,
more preferably 50, still more preferably 51, and particularly preferably 52,
and the upper limit of the same is, for example, 300, preferably 200, more
preferably 150, still more preferably 100, and particularly preferably 80.
[0059] The components of the ssNc molecule of the present invention are not
particularly limited, and examples thereof include nucleotide residues.
Examples of the nucleotide residues include a ribonucleotide residue and a
deoxyribonucleotide residue. The nucleotide residue may be the one that is
not modified (unmodified nucleotide residue) or the one that has been
modified (modified nucleotide residue), for example. By configuring the ssNc
molecule of the present invention so as to include a modified nucleotide
residue, for example, the resistance of the ssNc molecule to nucleases can be
improved, thereby allowing the stability of the ssNc molecule to be improved.
Furthermore, the ssNc molecule of the present invention further may include,
for example, a non-nucleotide residue in addition to the nucleotide residue.
The details of the nucleotide residue and the non-nucleotide residue will be
described below.

[0060] In the ssNc molecule of the present invention, the nucleotide residue
is preferable as the component of each of the inner region (7), the 5’ side
region (Xc), and the 3’ side region (Yc). Each of the regions is composed of
any of the following residues (1) to (3), for example.

(1) an unmodified nucleotide residue(s)

(2) a modified nucleotide residue(s)

(3) an unmodified nucleotide residue(s) and a modified nucleotide residue(s)
[0061] In the ssNc molecule of the present invention, the components of the
linker regions (Lx) and (Ly) are not particularly limited, and examples
thereof include the above-described nucleotide residues and non-nucleotide

residues. Each of the linker regions may be composed of the nucleotide



23

residue(s) only, the non-nucleotide residue(s) only, or both the nucleotide
residue(s) and the non-nucleotide residue(s). Each of the linker regions is
composed of any of the following residues (1) to (7), for example.

(1) an unmodified nucleotide residue(s)

(2) a modified nucleotide residue(s)

(3) an unmodified nucleotide residue(s) and a modified nucleotide residue(s)
(4) a non-nucleotide residue(s)

(5) a non-nucleotide residue(s) and an unmodified nucleotide residue(s)

(6) a non-nucleotide residue(s) and a modified nucleotide residue(s)

(7) a non-nucleotide residue(s), an unmodified nucleotide residue(s), and a
modified nucleotide residue(s)

[0062] When the ssNc molecule of the present invention has both the linker
regions (Lx) and (Ly), the components of both the regions may be the same or
different, for example. Specific examples are such that: the components of
both the regions are the nucleotide residues; the components of both the
regions are the non-nucleotide residues; and the component of one of the
regions is the nucleotide residue while the component of the other linker
region 1s the non-nucleotide residue.

[0063] Examples of the ssNc molecule of the present invention include:
molecules composed of the nucleotide residues only; and molecules including
the non-nucleotide residue(s) in addition to the nucleotide residues. In the
ssNc molecule of the present invention, the nucleotide residues may be the
unmodified nucleotide residues only; the modified nucleotide residues only; or
both the unmodified nucleotide residue(s) and the modified nucleotide
residue(s), as described above, for example. When the ssNc¢ molecule
includes both the unmodified nucleotide residue(s) and the modified
nucleotide residue(s), the number of the modified nucleotide residue(s) is not
particularly limited, and is, for example, “one or more”, specifically, for
example, 1 to 5, preferably 1 to 4, more preferably 1 to 3, and most preferably

1or 2. When the ssNc molecule of the present invention include the
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non-nucleotide residue(s), the number of the non-nucleotide residue(s) is not
particularly limited, and is, for example, “one or more”, specifically, for
example, 1to8,1to6,1to4,or 1,2, or3.

[0064] In the ssNc molecule of the present invention, the nucleotide residue
preferably is a ribonucleotide residue, for example. In this case, the ssNc
molecule of the present invention also is referred to as an “RNA molecule” or
“ssRNA molecule”, for example. Examples of the ssRNA molecule include:
molecules composed of the ribonucleotide residues only; and a molecule
including the non-nucleotide residue(s) in addition to the ribonucleotide
residues. As described above, as the ribonucleotide residues, the ssRNA
molecule may include: the unmodified ribonucleotide residues only; modified
ribonucleotide residues only; or both the unmodified ribonucleotide residue(s)
and the modified ribonucleotide residue(s), for example.

[0065] When the ssRNA molecule includes the modified ribonucleotide
residue(s) in addition to the unmodified ribonucleotide residues, for example,
the number of the modified ribonucleotide residue(s) is not particularly
limited, and is, for example, “one or more”, specifically, for example, 1 to 5,
preferably 1 to 4, more preferably 1 to 3, and most preferably 1 or 2. The
modified ribonucleotide residue as contrasted to the unmodified
ribonucleotide residue may be the deoxyribonucleotide residue obtained by
substituting a ribose residue with a deoxyribose residue, for example. When
the ssRNA molecule includes the deoxyribonucleotide residue(s) in addition to
the unmodified ribonucleotide residue(s), for example, the number of the
deoxyribonucleotide residue(s) is not particularly limited, and is, for example,
“one or more”, specifically, for example, 1 to 5, preferably 1 to 4, more
preferably 1 to 3, and most preferably 1 or 2.

[0066] The ssNc molecule of the present invention may include a labeling
substance (marker), and may be labeled with the labeling substance, for
example. The labeling substance is not particularly limited, and may be a

fluorescent substance, a dye, an isotope, or the like, for example. Examples
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of the fluorescent substance include: fluorophores such as pyrene, TAMRA,
fluorescein, a Cy3 dye, and a Cy5 dye. Examples of the dye include Alexa
dyes such as Alexa 488. Examples of the isotope include stable isotopes and
radioisotopes. Among them, stable isotopes are preferable. Stable isotopes
have a low risk of radiation exposure, and they require no dedicated facilities,
for example. Thus, stable isotopes are excellent in handleability and can
contribute to cost reduction. Moreover, a stable 1sotope does not change the
physical properties of a compound labeled therewith, for example, and thus
has an excellent property as a tracer. The stable 1sotope 1s not particularly
limited, and examples thereof include 2H, 13C, 15N, 170, 180, 33§, 34S, and, 36S.
[0067] As previously described, the ssNc molecule of the present invention
can inhibit the expression of a target gene. Thus, the ssNc molecule of the
present invention can be used as a therapeutic agent for treating a disease
caused by a gene, for example. When the ssNc¢ molecule includes, as the
expression inhibitory sequence, a sequence that inhibits expression of a gene
causing the disease, for example, it is possible to treat the disease by
inhibiting the expression of the target gene. In the present invention, the
term “treatment” encompasses: prevention of diseases; improvement of
diseases; and improvement in prognosis, for example, and it can mean any of
them.

[0068] The method of using the ssNc molecule of the present invention is not
particularly limited. For example, the ssNc molecule may be administered
to a subject having the target gene.

[0069] Examples of the subject to which the ssNc¢ molecule of the present
invention is administered include cells, tissues, and organs. Examples of the
subject also include humans and nonhuman animals such as nonhuman
mammals, 1.e., mammals excluding humans. The administration may be
performed in vivo or in vitro, for example. The cells are not particularly
limited, and examples thereof include: various cultured cells such as HeLa

cells, 293 cells, NIH3T3 cells, and COS cells; stem cells such as ES cells and
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hematopoietic stem cells; and cells isolated from living organisms, such as
primary cultured cells.

[0070] In the present invention, the target gene whose expression is to be
inhibited 1s not particularly limited, and any desired gene can be set to the
target gene. After setting the target gene, the expression inhibitory
sequence may be designed as appropriate depending on the kind of the target
gene, as described above.

[0071] Specific examples of the ssNc molecule of the present invention will
be given below. It is to be noted, however, that the present invention is by no
means limited thereto. Examples of the base sequence of the ssNc molecule
include: base sequences of SEQ ID NOs: 2, 7, 8, 13, 14, 29 to 35, 37, 43, 44,
47, 48, and 51 to 80; and base sequences obtained by, for example, deletion,
substitution, and/or addition of one or more bases in these base sequences.
When the target gene is the GAPDH gene, examples of the base sequence of
the ssNc molecule include the base sequences of SEQ ID NOs: 2, 7, 8, 13, 37
and 51 to 80. When the target gene is the TGF-f1, examples of the base
sequence of the ssNc molecule include the base sequences of SEQ ID NOs: 14
and 29 to 35. When the target gene is the LAMAI1 gene, examples of the
base sequence of the ssNc molecule include the base sequences of SEQ 1D
NOs: 43 and 44. When the target gene is the LMNA gene, examples of the
base sequence of the ssNc molecule include the base sequences of SEQ ID
NOs: 47 and 48.

[0072] As to the use of the ssNc molecule of the present invention, the
following description regarding the composition, the inhibitory method, the
treatment method, and the like according to the present invention to be
describe below can be referred to.

[0073] Since the ssNc¢ molecule of the present invention can inhibit the
expression of a target gene as described above, it is useful as a

pharmaceutical, a diagnostic agent, an agricultural chemical, and a tool for
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conducting research on agricultural chemicals, medical science, life science,
and the like, for example.

[0074] 2. Nucleotide residue

The nucleotide residue includes, as its components, a sugar, a base,
and a phosphate. The nucleotide residue may be, for example, a
ribonucleotide residue or a deoxyribonucleotide residue, as described above.
The ribonucleotide residue has, for example: a ribose residue as the sugar;
and adenine (A), guanine (GQ), cytosine (C), or uracil (U) as the base. The
deoxyribose residue has, for example: a deoxyribose residue as the sugar; and
adenine (A), guanine (G), cytosine (C), or thymine (T) as the base.
[0075] The nucleotide residue may be, for example, an unmodified nucleotide
residue or a modified nucleotide residue. The components of the unmodified
nucleotide residue are the same or substantially the same as the components
of a naturally-occurring nucleotide residue, for example. Preferably, the
components are the same or substantially the same as the components of a
nucleotide residue occurring naturally in a human body.
[0076] The modified nucleotide residue is a nucleotide residue obtained by
modifying the unmodified nucleotide residue, for example. The modified
nucleotide residue may be such that any of the components of the unmodified
nucleotide residue is modified, for example. In the present invention,
“modification” means, for example: substitution, addition, and/or deletion of
any of the components; and substitution, addition, and/or deletion of an
atom(s) and/or a functional group(s) in the component(s). It also can be
referred to as “alteration”. Examples of the modified nucleotide residue
include naturally-occurring nucleotide residues and artificially-modified
nucleotide residues. Regarding the naturally-derived modified nucleotide
residues, Limbach et al. (1994, Summary: the modified nucleosides of RNA,
Nucleic Acids Res. 22: pp. 2183 to 2196) can be referred to, for example. The
modified nucleotide residue may be a residue of an alternative of the

nucleotide, for example.
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[0077] Examples of the modification of the nucleotide residue include
modification of a ribose-phosphate backbone (hereinafter referred to as a
“ribophosphate backbone”).

[0078] In the ribophosphate backbone, a ribose residue may be modified, for
example. In the ribose residue, for example, the 2’-position carbon can be
modified. Specifically, a hydroxyl group bound to the 2™-position carbon can
be substituted with hydrogen or a halogen such as fluoro, for example. By
substituting the hydroxyl group bound to the 2’-position carbon with
hydrogen, it is possible to substitute the ribose residue with deoxyribose.
The ribose residue can be substituted with its stereoisomer, for example, and
may be substituted with an arabinose residue, for example.

[0079] The ribophosphate backbone may be substituted with a
non-ribophosphate backbone having a non-ribose residue and/or a
non-phosphate, for example. The non-ribophosphate backbone may be, for
example, the ribophosphate backbone modified so as to be uncharged.
Examples of an alternative obtained by substituting the ribophosphate
backbone with the non-ribophosphate backbone in the nucleotide include
morpholino, cyclobutyl, and pyrrolidine. Other examples of the alternative
include artificial nucleic acid monomer residues. Specific examples thereof
include PNA (Peptide Nucleic Acid), LNA (Locked Nucleic Acid), and ENA
(2-0,4-C-Ethylenebridged Nucleic Acid). Among them, PNA is preferable.
[0080] In the ribophosphate backbone, a phosphate group can be modified,
for example. In the ribophosphate backbone, a phosphate group in the
closest proximity to the sugar residue is called an “a-phosphate group”. The
o-phosphate group is charged negatively, and the electric charges are
distributed evenly over two oxygen atoms that are not linked to the sugar
residue. Among the four oxygen atoms in the a-phosphate group, the two
oxygen atoms not linked to the sugar residue in the phosphodiester linkage
between the nucleotide residues hereinafter are referred to as “non-linking

oxygens’. On the other hand, two oxygen atoms that are linked to the sugar
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residue in the phosphodiester linkage between the nucleotide residues
hereinafter are referred to as “linking oxygens”. The a-phosphate group
preferably is modified so as to be uncharged, or so as to render the charge
distribution between the non-linking oxygens asymmetric, for example.
[0081] In the phosphate group, the non-linking oxygen(s) may be
substituted, for example. The oxygen(s) can be substituted with any atom
selected from S (sulfur), Se (selenium), B (boron), C (carbon), H (hydrogen), N
(nitrogen), and OR (R is an alkyl group or an aryl group), for example, and
substitution with S is preferable. It is preferable that both the non-linking
oxygens are substituted, for example, and it is more preferable that both the
non-linking oxygens are substituted with S. Examples of the thus-modified
phosphate group include phosphorothioates, phosphorodithioates,
phosphoroselenates, borano phosphates, borano phosphate esters, hydrogen
phosphonates, phosphoroamidates, alkyl or aryl phosphonates, and
phosphotriesters. In particular, phosphorodithioate in which both of the two
non-linking oxygens are substituted with S is preferable.

[0082] In the phosphate group, the linking oxygen(s) may be substituted, for
example. The oxygen(s) can be substituted with any atom selected from S
(sulfur), C (carbon), and N (nitrogen), for example. Examples of the
thus-modified phosphate group include: bridged phosphoroamidates resulting
from the substitution with N; bridged phosphorothioates resulting from the
substitution S; and bridged methylenephosphonates resulting from the
substitution C. Preferably, substitution of the linking oxygen(s) is performed
in at least one of the 5" end nucleotide residue and the 3’ end nucleotide
residue of the ssNc¢ molecule of the present invention, for example. When
the substitution is performed on the 5’ side, substitution with C is preferable.
When the substitution is performed on the 3’ side, substitution with N is
preferable.

[0083] The phosphate group may be substituted with the phosphate-free

linker, for example. The linker may contain siloxane, carbonate,
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carboxymethyl, carbamate, amide, thioether, ethylene oxide linker, sulfonate,
sulfonamide, thioformacetal, formacetal, oxime, methyleneimino,
methylenemethylimino, methylenehydrazo, methylenedimethylhydrazo,
methyleneoxymethylimino, or the like. Preferably, the linker may contain a
methylene carbonyl amino group and a methylenemethylimino group.

[0084] In the ssNc molecule of the present invention, for example, at least
one of a nucleotide residue at the 3’ end and a nucleotide residue at the 5’ end
may be modified. The nucleotide residue at either one of the 3’ end and the
5 end may be modified, or the nucleotide residues at both the 3’ end and the 5
end may be modified, for example. The modification may be as described
above, for example, and it is preferable to modify a phosphate group(s) at the
end(s). The entire phosphate group may be modified, or one or more atoms
in the phosphate group may be modified, for example. In the former case,
for example, the entire phosphate group may be substituted or deleted.

[0085] Modification of the nucleotide residue(s) at the end(s) may be addition
of any other molecule, for example. Examples of the other molecule include
functional molecules such as labeling substances as described above and
protecting groups. Examples of the protecting groups include S (sulfur), Si
(silicon), B (boron), and ester-containing groups. The functional molecules
such as the labeling substances can be used in the detection and the like of
the ssNc molecule of the present invention, for example.

[0086] The other molecule may be added to the phosphate group of the
nucleotide residue, or may be added to the phosphate group or the sugar
residue via a spacer, for example. The terminal atom of the spacer can be
added to or substituted for either one of the linking oxygens of the phosphate
group, or O, N, S, or C of the sugar residue, for example. The binding site in
the sugar residue preferably is, for example, C at the 3’-position, C at the
5’-position, or any atom bound thereto. The spacer also can be added to or
substituted for a terminal atom of the nucleotide alternative such as PNA, for

example.
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[0087] The spacer is not particularly limited, and examples thereof include
—(CHg)y—, =(CH2)yN—, =(CH2),0—, —(CH2)»S—, O(CH2CH:0),CH2CH20H,
abasic sugars, amide, carboxy, amine, oxyamine, oxyimine, thioether,
disulfide, thiourea, sulfonamide, and morpholino, and also biotin reagents
and fluorescein reagents. In the above formulae, n is a positive integer, and
n = 3 or 6 1s preferable.

[0088] Other examples of the molecule to be added to the end include dyes,
intercalating agents (e.g., acridines), crosslinking agents (e.g., psoralen,
mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic
aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial
endonucleases (e.g., EDTA), lipophilic carriers (e.g., cholesterol, cholic acid,
adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-O
(hexadecyl)glycerol, a geranyloxyhexyl group, hexadecylglycerol, borneol,
menthol, 1,3- propanediol, a heptadecyl group, palmitic acid, myristic acid,
03-(oleoyDlithocholic acid, O3-(oleoyl)cholic acid, dimethoxytrityl, or
phenoxazine), peptide complexes (e.g., Antennapedia peptide, Tat peptide),
alkylating agents, phosphate, amino, mercapto, PEG (e.g., PEG-40K), MPEG,
[MPEG]s, polyamino, alkyl, substituted alkyl, radiolabeled markers, enzymes,
haptens (e.g., biotin), transport/absorption facilitators (e.g., aspirin, vitamin
E, folic acid), and synthetic ribonucleases (e.g., imidazole, bisimidazole,
histamine, imidazole clusters, acridine-imidazole complexes, Eu3* complexes
of tetraazamacrocycles).

[0089] In the ssNc molecule of the present invention, the 5’ end may be
modified with a phosphate group or a phosphate group analog, for example.
Examples of the phosphate group include:
5-monophosphate((HO)2(0O)P-0-5);
5-diphosphate((HO)2(0)P-O-P(HO)(0)-0-5);

5 -triphosphate(HO)2(O)P-O-(HO)(O)P-O-P(HO)(0)-0-5);

5-guanosine cap (7-methylated or non-methylated,

7m-G-0-5"-(HO)(O)P-O-(HO)(O)P-O-P(HO)(0)-0-5);
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5-adenosine cap (Appp);

any modified or unmodified nucleotide cap structure
(N-0-5"-(HO)(O)P-O-(HO)(O)P-O-P(HO)(0)-0-5);

5’-monothiophosphate (phosphorothioate: (HO)2(S)P-O-5);
5’-monodithiophosphate (phosphorodithioate: (HO)(HS)(S)P-O-5);
5-phosphorothiolate ((HO)2(0)P-S-5%);

sulfur substituted monophosphate, diphosphate, and triphosphates (e.g., 5™a-
thiotriphosphate, 5™y- thiotriphosphate, and the like);

5-phosphoramidates ((HO)2(O)P-NH-5", (HO)(NH2)(O)P-0-5;
5-alkylphosphonates (e.g., RP(OH)(0)-O-5", (OH)2(O)P-5-CHs, where R is
alkyl (e.g., methyl, ethyl, isopropyl, propyl, or the like)); and
5-alkyletherphosphonates (e.g., RP(OH)(O)-O-5', where R is alkylether (e.g.,
methoxymethyl, ethoxymethyl, or the like)).

[0090] In the nucleotide residue, the base is not particularly limited. The
base may be a natural base or a non-natural base, for example. The base
may be a naturally-derived base or a synthetic base, for example. As the
base, a common (universal) base, a modified analog thereof, and the like can
be used, for example.

[0091] Examples of the base include: purine bases such as adenine and
guanine; and pyrimidine bases such as cytosine, uracil, and thymine. Other
examples of the base include inosine, thymine, xanthine, hypoxanthine,
nubularine, isoguanisine, and tubercidine. Examples of the base also
include: alkyl derivatives such as 2-aminoadenine, 6-methylated purine, and
2-propylated purine; 5-halouracil and 5-halocytosine; 5-propynyl uracil and
5-propynyl cytosine; 6-azo uracil, 6-azo cytosine, and 6-azo thymine; 5-uracil
(pseudouracil), 4-thiouracil, 5-halouracil, 5-(2-aminopropyDuracil, 5-amino
allyl uracil; 8-halogenated, aminated, thiolated, thioalkylated, hydroxylated,
and other 8-substituted purines; 5-trifluoromethylated and other
5-substituted pyrimidines; 7-methylguanine; 5-substituted pyrimidines;

6-azapyrimidines; N-2, N-6, and O-6 substituted purines (including
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2-aminopropyladenine); 5-propynyluracil and 5-propynylcytosine;
dihydrouracil; 3-deaza-5-azacytosine; 2-aminopurine; 5-alkyluracil;
7-alkylguanine; 5-alkylcytosine; 7-deazaadenine; N6,N6-dimethyladenine;
2,6-diaminopurine; 5-amino-allyl-uracil; N3-methyluracil; substituted
1,2,4-triazoles; 2-pyridinone; 5-nitroindole; 3-nitropyrrole; 5-methoxyuracil;
uracil-5-oxyacetic acid; 5-methoxycarbonylmethyluracil;
5-methyl-2-thiouracil; 5-methoxycarbonylmethyl-2-thiouracil;
5-methylaminomethyl-2-thiouracil; 3-(3-amino-3-carboxypropyDuracil;
3-methylcytosine; 5-methylcytosine; N4-acetylcytosine; 2-thiocytosine;
N6-methyladenine; N6-1sopentyladenine;
2-methylthio-N6-isopentenyladenine; N-methylguanine; and O-alkylated
bases. Examples of the purines and pyrimidines include those disclosed in
U.S. Patent No. 3,687,808, “Concise Encyclopedia of Polymer Science and
Engineering”, pp. 858 to 859, edited by Kroschwitz J. I, John Wiley & Sons,
1990, and Englisch et al, Angewandte Chemie, International Edition, 1991,
vol. 30, p. 613.

[0092] Other examples of the modified nucleotide residue include those
having no base, 1.e., those having an abasic ribophosphate backbone.
Furthermore, as the modified nucleotide residue, those described in U.S.
Provisional Application 60/465,665 (filing date: April 25, 2003) and
International Application No. PCT/US04/07070 (filing date: March 8, 2004)
can be used, for example, and these documents are incorporated herein by
reference.

[0093] 3. Non-nucleotide residue

The non-nucleotide residue is not particularly limited. The ssNc
molecule of the present invention may include, as the non-nucleotide residue,
a non-nucleotide structure containing a pyrrolidine skeleton or a piperidine
skeleton, for example. Preferably, at least one of the linker regions (Lx) and
(Ly) has the non-nucleotide residue, for example. For example, the

non-nucleotide residue may be in the linker region (Lx), in the linker region
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(Ly), or in both the linker regions. The linker regions (Lx) and (Ly) may be
the same or different, for example.

[0094] The pyrrolidine skeleton may be the backbone of a pyrrolidine
derivative obtained through substitution of at least one carbon constituting
the 5-membered ring of pyrrolidine, for example. In the case of substitution,
it is preferable to substitute the carbon(s) other than C-2, for example. The
carbon may be substituted with nitrogen, oxygen, or sulfur, for example.

The pyrrolidine skeleton may contain, for example, a carbon-carbon double
bond or a carbon-nitrogen double bond in, for example, the 5-membered ring
of pyrrolidine. In the pyrrolidine skeleton, carbons and nitrogen constituting
the 5-membered ring of pyrrolidine each may have a hydrogen group bound
thereto, or a substituent to be described below bound thereto, for example.
The linker region (Lx) may be linked to the regions (X) and (Xc) via, for
example, any group in the pyrrolidine skeleton, preferably any one carbon
atom or nitrogen in the 5-membered ring, and more preferably the 2-position
carbon (C-2) or nitrogen in the 5 -membered ring. Examples of the
pyrrolidine skeleton include proline backbones and prolinol backbones. The
proline backbones, the prolinol backbones, and the like are excellent in safety
because they are substances present in living organisms and reductants
thereof, for example.

[0095] The piperidine skeleton may be the backbone of a piperidine
derivative obtained through substitution of at least one carbon constituting
the 6-membered ring of piperidine, for example. In the case of substitution,
it is preferable to substitute the carbon(s) other than C-2, for example. The
carbon may be substituted with nitrogen, oxygen, or sulfur, for example.

The piperidine skeleton may contain, for example, a carbon-carbon double
bond or a carbon-nitrogen double bond in, for example, the 6-membered ring
of piperidine. In the piperidine skeleton, carbons and nitrogen constituting
the 6-membered ring of piperidine each may have a hydrogen group bound

thereto, or a substituent to be described below bound thereto, for example.
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The linker region (Lx) may be linked to the regions (X) and (Xc) via, for
example, any group in the piperidine skeleton, preferably any one carbon
atom or nitrogen in the 6-membered ring, and more preferably the 2-position
carbon (C-2) or nitrogen in the 6-membered ring. The same applies to the
linker region (Ly).

[0096] Each of the linker regions may be composed of the non-nucleotide
residue(s) having the non-nucleotide structure only, or may contain the
non-nucleotide residue(s) having the non-nucleotide structure and the
nucleotide residue(s), for example.

[0097] The linker region is represented by the following formula (I), for

example.

3
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[0098] In the formula (D),

X! and X2 are each independently Hs, O, S, or NH;

Y! and Y2 are each independently a single bond, CHg, NH, O, or S;

R3is a hydrogen atom or substituent that is bound to C-3, C-4, C-5, or
C-6 on a ring A;

the substituent is OH, OR4, NHs, NHR4, NR4R3, SH, SR4, or an oxo
group (=0);

when R3 is the substituent, there may be one substituent R3, two or

more substituents R3, or no substituent R3, and when there are a plurality of

substituents R3, they may be the same or different;
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R4 and R5 are each a substituent or a protecting group, and they may
be the same or different;

L! is an alkylene chain composed of n atoms, and a hydrogen atom(s)
on an alkylene carbon atom(s) may or may not be substituted with OH, OR?,
NH., NHR2, NR2Rb, SH, or SR2, or,

L1 1s a polyether chain obtained by substituting at least one carbon
atom on the alkylene chain with an oxygen atom,

provided that: when Y! is NH, O, or S, an atom bound to Y! in L! i1s
carbon, an atom bound to OR! in L! is carbon, and oxygen atoms are not
adjacent to each other;

L2 is an alkylene chain composed of m atoms, and a hydrogen atom(s)
on an alkylene carbon atom(s) may or may not be substituted with OH, ORc,
NHs, NHRe, NRc<Rd, SH, or SR¢, or

L2 1s a polyether chain obtained by substituting at least one carbon
atom on the alkylene chain with an oxygen atom,

provided that: when Y2 1s NH, O, or S, an atom bound to Y2 in L2 is
carbon, an atom bound to OR2 in L2 is carbon, and oxygen atoms are not
adjacent to each other;

R2, Rb, Re, and R4 are each independently a substituent or a
protecting group;

lis 1 or 2;

m is an integer in the range from 0 to 30;

n is an integer in the range from 0 to 30;

on the ring A, one carbon atom other than C-2 may be substituted
with nitrogen, oxygen, or sulfur, and

the ring A may contain a carbon-carbon double bond or a
carbon-nitrogen double bond. When the linker region (Lx) is represented by
the formula (I), the regions (Xc) and (X) are each linked to the linker region
(Lx) via —OR'- or —OR2-. Furthermore, when the linker region (Ly) is
represented by the formula (I), the regions (Yc) and (Y) are each linked to the
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linker region (Ly) via —OR!— or —OR2—. It is to be noted that R! and R2 may
or may not be present, and when they are present, R! and R2 are each
independently a nucleotide residue or the structure of the formula (I).

[0099] In the formula (I), X! and X2 are each independently Hs, O, S, or NH,
for example. In the formula (I), “X! is Hy” means that X! forms CHz (a
methylene group) together with a carbon atom to which X! binds. The same
applies to X2,

[0100] In the formula (I),lin the ring Ais 1 or 2. When1=1, theringAis a
5-membered ring, which is, for example, the pyrrolidine skeleton. The
pyrrolidine skeleton 1is, for example, a proline backbone, a prolinol backbone,
or the like, and specific examples include divalent structures of the proline
backbone and the prolinol backbone. When 1= 2, the ring A is a 6-membered
ring, which is, for example, the piperidine skeleton. On the ring A, one
carbon atom other than C-2 may be substituted with nitrogen, oxygen, or
sulfur. Furthermore, the ring A may contain a carbon-carbon double bond or
a carbon-nitrogen double bond. The ring A may be in either L-form or
D-form, for example.

[0101] In the formula (I), Y! and Y2 are each independently a single bond,
CHz, NH, O, or S.

[0102] In the formula (I), R3 is a hydrogen atom or substituent that is bound
to C-3, C-4, C-5, or C-6 on the ring A. The substituent is OH, OR%, NHo,
NHR4, NR4R5, SH, SR4, or an oxo group (=0). When R3is the substituent,
there may be one substituent R3, two or more substituents R3, or no
substituent R3, and when there are a plurality of substituents R3, they may
be the same or different. R4 and R5 are each a substituent or a protecting
group, and they may be the same or different.

[0103] Examples of the substituent include halogens, alkyls, alkenyls,
alkynyls, haloalkyls, aryls, heteroaryls, arylalkyls, cycloalkyls, cycloalkenyls,
cycloalkylalkyls, cyclylalkyls, hydroxyalkyls, alkoxyalkyls, aminoalkyls,
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heterocyclylalkenyls, heterocyclylalkyls, heteroarylalkyls, silyls, and
silyloxyalkyls. The same applies hereinafter.

[0104] The protecting group is a functional group that inactivates a
highly-reactive functional group, for example. Examples of the protecting
group include known protecting groups. Regarding the protecting group, the
description in the literature (J. F. W. McOmie, “Protecting Groups in Organic
Chemistry”, Plenum Press, London and New York, 1973) is incorporated
herein by reference, for example. The protecting group is not particularly
limited, and examples thereof include a tert-butyldimethylsilyl (TBDMS)
group, a bis(2-acetoxyethyloxy)methyl (ACE) group, a
triisopropylsilyloxymethyl (TOM) group, a 1-(2-cyanoethoxy)ethyl (CEE)
group, a 2-cyanoethoxymethyl (CEM) group, a tolylsulfonylethoxymethyl
(TEM) group, and dimethoxytrityl (DMTr). When R3 is OR4, the protecting
group 1is not particularly limited, and examples thereof include a TBDMS
group, an ACE group, a TOM group, a CEE group, a CEM group, and a TEM
group. Other examples of the protecting group include silyl-containing
groups to be described below. The same applies hereinafter.

[0105] In the formula (I), L! is an alkylene chain composed of n atoms. A
hydrogen atom(s) on an alkylene carbon atom(s) may or may not be
substituted with OH, ORa, NH2, NHRa, NRaRb, SH, or SR?, for example.
Alternatively, L.l may be a polyether chain obtained by substituting at least
one carbon atom on the alkylene chain with an oxygen atom. The polyether
chain is, for example, polyethylene glycol. When Y!is NH, O, or S, an atom
bound to Y! in L! is carbon, an atom bound to OR! in L! is carbon, and oxygen
atoms are not adjacent to each other. That is, for example, when Y!is O,
this oxygen atom and the oxygen atom in Li! are not adjacent to each other,
and the oxygen atom in OR! and the oxygen atom in L! are not adjacent to
each other.

[0106] In the formula (I), L2 is an alkylene chain composed of m atoms. A

hydrogen atom(s) on an alkylene carbon atom(s) may or may not be
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substituted with OH, OR¢, NH2, NHR¢, NR<Rd, SH, or SR¢, for example.
Alternatively, L2 may be a polyether chain obtained by substituting at least
one carbon atom on the alkylene chain with an oxygen atom. When Y2 1s
NH, O, or S, an atom bound to Y2 in L2 is carbon, an atom bound to OR2 in L2
1s carbon, and oxygen atoms are not adjacent to each other. That is, for
example, when Y2 is O, this oxygen atom and the oxygen atom in L2 are not
adjacent to each other, and the oxygen atom in OR2 and the oxygen atom in
L2 are not adjacent to each other.

[0107] n of L and m of L2 are not particularly limited, and the lower limit of
each of them may be 0, for example, and the upper limit of the same is not
particularly limited. n and m can be set as appropriate depending on a
desired length of the linker region (Lx), for example. For example, from the
view point of manufacturing cost, yield, and the like, n and m are each
preferably 0 to 30, more preferably O to 20, and still more preferably O to 15.
n and m may be the same (n = m) or different. n + m is, for example, O to 30,
preferably O to 20, and more preferably O to 15.

[0108] Ra, Rb, Re, and Rd each independently may be a substituent or a
protecting group. The substituent and the protecting group are the same as
described above, for example.

[0109] In the formula (I), hydrogen atoms each independently may be
substituted with a halogen such as Cl, Br, F, or I, for example.

[0110] When the linker region (Lx) is represented by the formula (I), the
regions (Xc) and (X) are each linked to the linker region (Lx) via —OR!- or
—OR?2—-, for example. R! and R2 may or may not be present. When R! and
R? are present, R! and R? are each independently a nucleotide residue or the
structure represented by the formula (I). When R! and/or R2 is the
nucleotide residue, the linker region (Lix) is composed of the non-nucleotide
residue having the structure of the formula (I) excluding the nucleotide
residue R! and/or R2, and the nucleotide residue(s), for example. When R!

and/or R? is the structure represented by the formula (I), the structure of the
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linker region (Lx) is such that, for example, two or more of the non-nucleotide
residues having the structure of the formula (I) are linked to each other. The
number of the structures of the formula (I) may be 1, 2, 3, or 4, for example.
When the linker region (Lx) includes a plurality of the structures, the
structures of the formula (I) may be linked either directly or via the
nucleotide residue(s), for example. On the other hand, when R! and R2 are
not present, the linker region (Lx) is composed of the non-nucleotide residue
having the structure of the formula (I) only, for example. When the linker
region (Lx) is represented by the formula (I), the description as to the linker
region (Lx) stated above also applies to the region (Yc), the region (Y), and the
linker region (Ly).
[0111] The combination of the regions (Xc) and (X) with —OR!— and —OR2—,
and the combination of the regions (Yc) and (Y) with —OR!- and —OR2- are
not particularly limited, and may be any of the following conditions, for
example.
Condition (1):

the regions (Xc) and (X) are linked to the structure of the formula (I)
via —OR2- and —OR!—, respectively; and

the regions (Yc) and (Y) are linked to the structure of the formula (I)
via —OR!- and —OR2—, respectively.
Condition (2):

the regions (Xc) and (X) are linked to the structure of the formula (I)
via —OR2- and —OR!—, respectively; and

the regions (Yc) and (Y) are linked to the structure of the formula (I)
via —OR2- and —OR!—, respectively.
Condition (3):

the regions (Xc) and (X) are linked to the structure of the formula (I)
via —OR!- and —OR2—-, respectively; and

the regions (Yc) and (Y) are linked to the structure of the formula (I)
via —OR!- and —ORZ2—, respectively.
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Condition (4):

the regions (Xc) and (X) are linked to the structure of the formula (I)
via —OR1- and —OR2-, respectively; and

the regions (Yc) and (Y) are linked to the structure of the formula (I)
via —OR2- and —OR!—, respectively.
[0112] Examples of the structure of the formula (I) include the structures of
the following formulae (I-1) to (I-9). In the following formulae, n and m are
the same as in the formula (I). In the following formulae, q is an integer

from 0 to 10.
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[0113] In the formulae (I-1) to {I-9}, n, m, and g are not particularly limited.
and are as described above. Specific examples are as follows® in the formula
(I-1), n = 8. in the formula (I-2), n = 3; in the formula (I-3), n =4 or 8; in the

formula (I-4), n = 7 or 8: in the formula (I-5), n = 3 and m = 4; in the formula
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(I-6), n = 8 and m = 4; in the formula (I-7), n = 8 and m = 4; in the formula
(I-8), n =5 and m = 4; and in the formula (I-9), g =1 and m =4. The
following formula (I-4a) shows an example of the formula (I-4) (n = 8), and the

following formula (I-6a) shows an example of the formula (I-6) (n = 5, m = 4).

0 -+ (I-4a)

-+ (I-6a)

[0114] In the present invention, the term “alkyl” encompasses straight-chain
and branched alkyl groups, for example. The number of carbon atoms in the
alkyl is not particularly limited, and is, for example, 1 to 30, preferably 1 to 6
or 1to4. Examples of the alkyl group include: methyl, ethyl, n-propyl,
1sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,
neopentyl, n-hexyl, isohexyl, n-heptyl, n-octyl, n-nonyl, and n-decyl. Among
them, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, isohexyl, and the like are
preferable, for example.

[0115] In the present invention, the term “alkenyl” encompasses
straight-chain and branched alkenyls, for example. Examples of the alkenyl
include the above-described alkyls having one or more double bonds. The
number of carbon atoms in the alkenyl is not particularly limited, and is, for

example, the same as that in the alkyl, preferably 2 to 8. Examples of the
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alkenyl include vinyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl,
1,3-butadienyl, and 3-methyl-2-butenyl.

[0116] In the present invention, the term “alkynyl” encompasses
straight-chain and branched alkynyls, for example. Examples of the alkynyl
include the above-described alkyls having having one or more triple bonds.
The number of carbon atoms in the alkynyl is not particularly limited, and is,
for example, the same as that in the alkyl, preferably 2 to 8. Examples of
the alkynyl include ethynyl, propynyl, and butynyl. The alkynyl may
further include one or more double bonds, for example.

[0117] In the present invention, the term “aryl” encompasses monocyclic
aromatic hydrocarbon groups and polycyclic aromatic hydrocarbon groups, for
example. Examples of the monocyclic aromatic hydrocarbon group include
phenyl. Examples of the polycyclic aromatic hydrocarbon group include
1-naphthyl, 2-naphthyl, 1-anthryl, 2-anthryl, 9-anthryl, 1-phenanthryl,
2-phenanthryl, 3-phenanthryl, 4-phenanthryl, and 9-phenanthryl. Among
them, phenyl, naphthyls such as 1-naphthyl and 2-naphthyl, and the like are
preferable, for example.

[0118] In the present invention, the term “heteroaryl” encompasses
monocyclic aromatic heterocyclic groups and condensed aromatic heterocyclic
groups, for example. Examples of the heteroaryl include furyls (e.g.: 2-furyl,
3-furyl), thienyls (e.g.: 2-thienyl, 3-thienyl), pyrrolyls (e.g.! 1-pyrrolyl,
2-pyrrolyl, 3-pyrrolyl), imidazolyls (e.g.: 1-imidazolyl, 2-imidazolyl,
4-imidazolyl), pyrazolyls (e.g.: 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl), triazolyls
(e.g.’ 1,2,4-triazole-1-yl, 1,2,4-triazole-3-yl, 1,2,4-triazole-4-yl), tetrazolyls
(e.g.: 1-tetrazolyl, 2-tetrazolyl, 5-tetrazolyl), oxazolyls (e.g.: 2-oxazolyl,
4-oxazolyl, 5-oxazolyl), isoxazolyls (e.g.: 3-isoxazolyl, 4-isoxazolyl,
5-isoxazolyl), thiazolyls (e.g.: 2-thiazolyl, 4-thiazolyl, 5-thiazolyl),
thiadiazolyls, isothiazolyls (e.g.: 3-isothiazolyl, 4-isothiazolyl, 5-isothiazolyl),
pyridyls (e.g.: 2-pyridyl, 3-pyridyl, 4-pyridyl), pyridazinyls (e.g.: 3-pyridazinyl,
4-pyridazinyl), pyrimidinyls (e.g.: 2-pyrimidinyl, 4-pyrimidinyl,
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5-pyrimidinyl), furazanyls (e.g.: 3-furazanyl), pyrazinyls (e.g.: 2-pyrazinyl),
oxadiazolyls (e.g.: 1,3,4-oxadiazole-2-yl), benzofuryls (e.g.: 2-benzo[b]furyl,
3-benzo[blfuryl, 4-benzo[blfuryl, 5-benzo[blfuryl, 6-benzo[blfuryl,
7-benzo[blfuryl), benzothienyls (e.g.: 2-benzo[b]thienyl, 3-benzo[b]thienyl,
4-benzo[blthienyl, 5-benzo[blthienyl, 6-benzo[blthienyl, 7-benzo[blthienyl),
benzimidazolyls (e.g.: 1-benzimidazolyl, 2-benzimidazolyl, 4-benzimidazolyl,
5-benzimidazolyl), dibenzofuryls, benzoxazolyls, benzothiazolyls, quinoxalyls
(e.g.: 2-quinoxalinyl, 5-quinoxalinyl, 6-quinoxalinyl), cinnolinyls (e.g.:
3-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl, 7-cinnolinyl,
8-cinnolinyl), quinazolyls (e.g.: 2-quinazolinyl, 4-quinazolinyl, 5-quinazolinyl,
6-quinazolinyl, 7-quinazolinyl, 8-quinazolinyl), quinolyls (e.g.: 2-quinolyl,
3-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl, 8-quinolyl),
phthalazinyls (e.g.: 1-phthalazinyl, 5-phthalazinyl, 6-phthalazinyl),
isoquinolyls (e.g.: 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-isoquinolyl,
6-isoquinolyl, 7-isoquinolyl, 8-isoquinolyl), puryls, pteridinyls (e.g.:
2-pteridinyl, 4-pteridinyl, 6-pteridinyl, 7-pteridinyl), carbazolyls,
phenanthridinyls, acridinyls (e.g.: 1-acridinyl, 2-acridinyl, 3-acridinyl,
4-acridinyl, 9-acridinyl), indolyls (e.g.: 1-indolyl, 2-indolyl, 3-indolyl, 4-indolyl,
5-indolyl, 6-indolyl, 7-indolyl), isoindolyls, phenazinyls (e.g.: 1-phenazinyl,
2-phenazinyl), and phenothiazinyls (e.g.: 1-phenothiazinyl, 2-phenothiazinyl,
3-phenothiazinyl, 4-phenothiazinyl).

[0119] In the present invention, the term “cycloalkyl” refers to cyclic
saturated hydrocarbon groups, for example, and the number of carbon atoms
in the cycloalkyl is 3 to 15, for example. Examples of the cycloalkyl include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
bridged cyclic hydrocarbon groups, and spiro hydrocarbon groups. Among
them, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, bridged cyclic
hydrocarbons, and the like are preferable.

[0120] In the present invention, examples of the “bridged cyclic hydrocarbon
groups” include bicyclo[2.1.0]pentyl, bicyclo[2.2.1]heptyl, bicyclo[2.2.2]octyl,
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and bicyclo[3.2.1]octyl, tricyclo[2.2.1.0]heptyl, bicyclo[3.3.1]lnonane,
1-adamantyl, and 2-adamantyl.

[0121] In the present invention, examples of the “spiro hydrocarbon groups”
include spiro[3.4]octyl.

[0122] In the present invention, the term “cycloalkenyl” encompasses
unsaturated cyclic aliphatic hydrocarbon groups, for example, and the
number of carbon atoms in the cycloalkenyl is 3 to 7, for example. Examples
of the cycloalkenyl group include cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclohexenyl, and cycloheptenyl. Among them, cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclohexenyl, and the like are preferable. The term
“cycloalkenyl” also encompasses bridged cyclic hydrocarbon groups and spiro
hydrocarbon groups having an unsaturated bond in their rings, for example.
[0123] In the present invention, examples of the “arylalkyl” include benzyl,
2-phenethyl, and naphthalenylmethyl. Examples of the “cycloalkylalkyl”
and “cyclylalkyl” include cyclohexylmethyl and adamantylmethyl. Examples
of the “hydroxyalkyl” include hydroxymethyl and 2-hydroxyethyl.

[0124] In the present invention, the “alkoxy” encompasses groups composed
of any of the above-described alkyls and oxygen (alkyl—-O—groups), and
examples thereof include methoxy, ethoxy, n-propoxy, isopropoxy, and
n-butoxy. Examples of the “alkoxyalkyl” include methoxymethyl.

Examples of the “aminoalkyl” include 2-aminoethyl.

[0125] In the present invention, examples of the “heterocyclyl” include
1-pyrrolinyl, 2-pyrrolinyl, 3-pyrrolinyl, 1-pyrrolidinyl, 2-pyrrolidinyl,
3-pyrrolidinyl, pyrrolidinone, 1-imidazoliny, 2-imidazoliny, 4-imidazoliny,
1-imidazolidinyl, 2-imidazolidinyl, 4-imidazolidinyl, imidazolidinone,
1-pyrazolinyl, 3-pyrazolinyl, 4-pyrazolinyl, 1-pyrazolidinyl, 3-pyrazolidinyl,
4-pyrazolidinyl, piperidinone, piperidino, 2-piperidinyl, 3-piperidinyl,
4-piperidinyl, 1-piperazinyl, 2-piperazinyl, piperazinone, 2-morpholinyl,
3-morpholinyl, morpholino, tetrahydropyranyl, and tetrahydrofuranyl.
[0126] In the present invention, examples of the “heterocyclylalkyl” include
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piperidinylmethyl and piperazinylmethyl. Examples of the
“heterocyclylalkenyl” include 2-piperidinyl ethenyl. Examples of the
“heteroarylalkyl” include pyridylmethyl and quinoline-3-ylmethyl.

[0127] In the present invention, the term “silyl” encompasses groups
represented by the formula R3Si—, where R independently can be selected
from the above-described alkyls, aryls, and cycloalkyls. Examples of the silyl
include a trimethylsilyl group and a tert-butyldimethylsilyl group.
Examples of the “silyloxy” include a trimethylsilyloxy group. Examples of
the “silyloxyalkyl” include trimethylsilyloxymethyl.

[0128] In the present invention, examples of the “alkylene” include
methylene, ethylene, and propylene.

[0129] In the present invention, the above-described various groups may be
substituted. Examples of the substituent include hydroxy, carboxy,
halogens, alkyl halides (e.g.: CFs, CH2CF3, CH2CCls), nitro, nitroso, cyano,
alkyls (e.g.: methyl, ethyl, isopropyl, tert-butyl), alkenyls (e.g.: vinyl),
alkynyls (e.g.: ethynyl), cycloalkyls (e.g.: cyclopropyl, adamantyl),
cycloalkylalkyls (e.g.: cyclohexylmethyl, adamantylmethyl), cycloalkenyls
(e.g.: cyclopropenyl), aryls (e.g.: phenyl, naphthyl), arylalkyls (e.g.: benzyl,
phenethyl), heteroaryls (e.g.: pyridyl, furyl), heteroarylalkyls (e.g.:
pyridylmethyl), heterocyclyls (e.g.: piperidyl), heterocyclylalkyls (e.g.:
morpholylmethyl), alkoxys (e.g.: methoxy, ethoxy, propoxy, butoxy),
halogenated alkoxys (e.g.: OCF3), alkenyloxys (e.g.: vinyloxy, allyloxy),
aryloxys (e.g.: phenyloxy), alkyloxycarbonyls (e.g.: methoxycarbonyl,
ethoxycarbonyl, tert-butoxycarbonyl), arylalkyloxys (e.g.: benzyloxy), aminos
[alkylaminos (e.g.: methylamino, ethylamino, dimethylamino), acylaminos
(e.g.: acetylamino, benzoylamino), arylalkylaminos (e.g.: benzylamino,
tritylamino), hydroxyamino], alkylaminoalkyls (e.g.: diethylaminomethyl),
sulfamoyl, and oxo.

[0130] 4. Synthesis method of ssNc¢ molecule of the present invention
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The method for synthesizing the ssNc molecule of the present
Invention is not particularly limited, and a conventionally known method can
be employed. Examples of the method include synthesis methods according
to genetic engineering procedures and chemical synthesis methods.
Examples of the genetic engineering procedures include: synthesis methods
utilizing in vitro transcription; methods using a vector; and methods carried
out using a PCR cassette. The vector is not particularly limited, and
examples thereof include non-virus vectors such as plasmid, and virus
vectors. The chemical synthesis methods are not particularly limited, and
examples thereof include a phosphoramidite method and an H-phosphonate
method. The chemical synthesis methods can be carried out using a
commercially available automated nucleic acid synthesizer, for example. In
the chemical synthesis methods, an amidite generally is used. The amidite
1s not particularly limited. Examples of commercially available amidites
include RNA Phosphoramidites (2’-O-TBDMS]i, trade name, Samchully
Pharm. Co., Ltd.), ACE amidite, TOM amidite, CEE amidite, CEM amidite,
and TEM amidite.

[0131] 5. Composition

The inhibitory composition according to the present invention 1is, as
described above, a composition for inhibiting the expression of a target gene,
containing the ssNc molecule of the present invention. The composition of
the present invention is characterized in that it contains the ssNc molecule of
the present invention, and other configurations are by no means limited.

The inhibitory composition of the present invention also can be referred to as
an inhibitory reagent, for example.

[0132] According to the present invention, for example, by administering the
composition to a subject in which the target gene is present, it is possible to
inhibit the expression of the target gene.

[0133] Furthermore, as described above, the pharmaceutical composition

according to the present invention contains the ssNc molecule of the present
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invention. The pharmaceutical composition of the present invention is
characterized in that it contains the ssNc molecule of the present invention,
and other configurations are by no means limited. The pharmaceutical
composition of the present invention also can be referred to as a
pharmaceutical, for example.

[0134] According to the present invention, for example, by administering the
pharmaceutical composition to a patient with a disease caused by a gene, it 1s
possible to inhibit the expression of the gene, thereby treating the disease.

In the present invention, the term “treatment” encompasses: prevention of
diseases; improvement of diseases; and improvement in prognosis, for
example, and it can mean any of them.

[0135] In the present invention, a disease to be treated is not particularly
limited, and examples thereof include diseases caused by the expression of
genes. Depending on the kind of the disease, a gene that causes the disease
may be set as the target gene, and further, depending on the target gene, the
expression inhibitory sequence may be set as appropriate.

[0136] A specific example is as follows. By setting the TGF-f1 gene as the
target gene and incorporating an expression inhibitory sequence for this gene
into the ssNc¢ molecule, the ssNc¢ molecule can be used for the treatment of
inflammatory diseases, specifically, acute lung injury and the like, for
example.

[0137] The method of using the inhibitory composition and the
pharmaceutical composition according to the present invention (hereinafter,
both the compositions simply are referred to as “the compositions”) are not
particularly limited, and examples thereof include administering the ssNc
molecule to a subject having the target gene.

[0138] Examples of the subject to which the ssNc¢ molecule of the present
invention is administered include cells, tissues, and organs. Examples of the
subject also include humans and nonhuman animals such as nonhuman

mammals, 1.e., mammals excluding humans. The administration may be
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performed in vivo or in vitro, for example. The cells are not particularly
limited, and examples thereof include: various cultured cells such as HeLa
cells, 293 cells, NIH3T3 cells, and COS cells; stem cells such as ES cells and
hematopoietic stem cells; and cells i1solated from living organisms, such as
primary cultured cells.

[0139] The administration method is not particularly limited, and can be
determined as appropriate depending on the subject, for example. When the
subject is a cultured cell, the administration method may be a method using a
transfection reagent, an electroporation method, or the like, for example.
[0140] Each of the compositions of the present invention may contain only
the ssNc molecule of the present invention or further may contain an
additive(s) in addition to the ssNc molecule, for example. The additive is not
particularly limited, and preferably is a pharmaceutically acceptable
additive, for example. The kind of the additive is not particularly limited,
and can be selected as appropriate depending on the kind of the subject, for
example.

[0141] In the composition of the present invention, the ssNc molecule may
form a complex with the additive, for example. The additive also can be
referred to as a complexing agent, for example. The formation of the
complex allows the ssNc molecule to be delivered efficiently, for example.

The bond between the ssNc molecule and the complexing agent is not
particularly limited, and examples thereof include noncovalent bond. The
complex may be an inclusion complex, for example.

[0142] The complexing agent is not particularly limited, and examples
thereof include polymers, cyclodextrins, and adamantine. Examples of the
cyclodextrins include linear cyclodextrin copolymers and linear oxidized
cyclodextrin copolymers.

[0143] Other examples of the additive include a carrier, a binding substance
that binds to a target cell, a condensing agent, a fusogenic agent, and an

excipient.
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[0144] The carrier preferably is a polymer, more preferably a biopolymer, for
example. Preferably, the carrier is biodegradable, for example. Examples
of the carrier include: proteins such as human serum albumin (HSA),
low-density lipoprotein (LDL), and globulin; carbohydrates such as, for
example, dextran, pullulan, chitin, chitosan, inulin, cyclodextrin, and
hyaluronic acid; and lipids. As the carrier, a synthetic polymer such as a
synthetic polyamino acid also can be used, for example. Examples of the
polyamino acid include polylysine (PLL), poly L-aspartic acid, poly L-glutamic
acid, styrene-maleic anhydride copolymer, poly(L-lactide-co-glycolied)
copolymer, divinyl ether-maleic anhydride copolymer,
N-(2-hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol
(PEG), polyvinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic acid),
N-isopropylacrylamide polymer, and polyphosphazine.

[0145] Examples of the binding substance include thyroid-stimulating
hormone, melanocyte-stimulating hormone, lectin, glycoproteins, surfactant
protein A, Mucin carbohydrate, multivalent lactose, multivalent galactose,
N-acetyl-galactosamine, N-acetyl-gulucosamine, multivalent mannose,
multivalent fucose, glycosylated polyamino acid, multivalent galactose,
transferrin, bisphosphonate, polyglutamic acid, polyaspartic acid, lipids,
cholesterol, steroids, bile acid, folate, vitamin B12, biotin, Neproxin, RGD
peptide, and RGD peptide mimetic.

[0146] Examples of the fusogenic agent and the condensing agent include
polyamino chains such as polyethyleneimine (PEI). PEI may be either
linear or branched, and also, may be either synthetic or naturally occurring,
for example. The PEI may be substituted with an alkyl or a lipid, for
example. As the fusogenic agent, it is also possible to use polyhistidine,
polyimidazole, polypyridine, polypropyleneimine, mellitin, a polyacetal
substance (e.g., cationic polyacetal or the like), or the like, for example. The
fusogenic agent may have an a-helix structure, for example. The fusogenic

agent may be a membrane disruptive agent such as mellitin, for example.
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[0147] As to the compositions according to the present invention, for
example, the descriptions regarding the formation of the complex and the like
mn U.S. Patent No. 6,509,323, U.S. Patent Publication No. 2003/0008818,
PCT/US04/07070, and the like are incorporated herein by reference.
[0148] Other examples of the additive include amphiphilic molecules. The
amphiphilic molecule 1s a molecule having a hydrophobic region and a
hydrophilic region, for example. The molecule preferably is a polymer, for
example. The polymer may have, for example, a secondary structure,
preferably a repeating secondary structure. Specifically, polypeptide is
preferable, and o-helix polypeptide and the like are more preferable, for
example.
[0149] The amphiphilic polymer may be a polymer having two or more
amphiphilic subunits, for example. Examples of the subunit include
subunits with a cyclic structure having at least one hydrophilic group and one
hydrophobic group. The subunit may contain steroid such as cholic acid, an
aromatic structure, and the like, for example. The polymer may contain, for
example, both a cyclic structure subunit, such as an aromatic subunit, and an
amino acid.
[0150] 6. Inhibitory method

The inhibitory method according to the present invention is, as
described above, a method for inhibiting the expression of a target gene, in
which the ssNc¢ molecule of the present invention is used. The inhibitory
method of the present invention is characterized in that the ssNc¢ molecule of
the present invention is used therein, and other steps and conditions are by
no means limited.
[0151] In the inhibitory method of the present invention, the mechanism by
which the gene expression is inhibited is not particularly limited, and
examples thereof include inhibition of the expression by RNA interference or
an RNA interference-like phenomenon. The inhibitory method of the

present invention is, for example, a method for inducing RNA interference
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that inhibits the expression of a target gene, and it also can be referred to an
inhibitory method that is characterized in that the ssNc¢ molecule of the
present invention is used therein.

[0152] The inhibitory method of the present invention includes the step of
administering the ssNc¢ molecule to a subject in which the target gene is
present, for example. By the administration step, the ssNc¢ molecule is
bought into contact with the subject to which the ssNc¢ molecule is
administered, for example. Examples of the subject include cells, tissues,
and organs. Examples of the subject also include humans and nonhuman
animals such as nonhuman mammals, 1.e., mammals excluding humans.
The administration may be performed in vivo or in vitro, for example.

[0153] In the inhibitory method of the present invention, the ssNc molecule
may be administered alone, or the composition of the present invention
containing the ssNc molecule may be administered, for example. The
administration method 1s not particularly limited, and can be selected as
appropriate depending on the kind of the subject, for example.

[0154] 7. Treatment method

As described above, the method for treating a disease according to the
present invention includes the step of administering the ssNc molecule of the
present invention to a patient, and the ssNc molecule includes, as the
expression inhibitory sequence, a sequence that inhibits expression of a gene
causing the disease. The treatment method of the present invention is
characterized in that the ssNc¢ molecule of the present invention is used
therein, and other steps and conditions are by no means limited.

[0155] The description regarding the inhibitory method of the present
invention also applies to the treatment method of the present invention, for
example. The administration method 1s not particularly limited, and may be
either oral administration or parenteral administration, for example.

[0156] 8. Use of ssNc molecule

The use according to the present invention is the use of the ssNc
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molecule of the present invention for inhibiting the expression of a target
gene. Also, the use according to the present invention is the use of the ssNc
molecule of the present invention for inducing RNA interference.
[0157] The nucleic acid molecule according to the present invention is a
nucleic acid molecule for use in treatment of a disease. The nucleic acid
molecule is the ssNc¢ molecule of the present invention, and the ssNc¢ molecule
includes, as the expression inhibitory sequence, a sequence that inhibits
expression of a gene causing the disease.
[0158] In the following, the present invention will be described in detail with
reference to examples and the like. It is to be noted, however, the present
invention is by no means limited thereto.
Examples
[0159] (Example A1) Synthesis of RNA

As RNA (Ex) of the present example, ssRNA (NK-0016) shown below
was synthesized. NK-0016 includes a 19-mer expression inhibitory sequence
(SEQ ID NO: 1) that inhibits expression of the GAPDH gene. In the
sequence of NK-0016, a region between a region (Xc) and a region (X) is a
linker region (L), and a region between a region (Y) and a region (Yc) is a
linker region (Ly) (hereinafter the same). In this sequence, the 5’ region (Xc)
and the 3’ region (Yc) are indicated with lower-case letters (hereinafter the

same).

Expression inhibitory sequence for the GAPDH gene (SEQ ID NO: 1)
5-GUUGUCAUACUUCUCAUGG-3

Ex: NK-0016 (SEQ ID NO: 2)

57— caugagaaguaugacaacagccCCACACCEECUGUUGUCAUACUUCUCAUGGUUCUUCGgaa — 37
xC x by Yc




55

[0160] As RNA of a comparative example, dsRNA (NI-0011) shown below as
an RNAI positive control (Pc) was synthesized. NI-0011 has an overhang of
two bases at the 3’ end of each single strand, and the single strand of SEQ ID
NO: 4 has the above-described 19-mer expression inhibitory sequence,
similarly to NK-0016.
[0161]

Pc: NI-0011

57 - CCAUGAGAAGUAUGACAACAG -3’ (SEQ ID NO: 3)
3/ - UUGGUACUCUUCAUACUGUUG -5f (SEQ ID NO: 4)

[0162] The RNAs were synthesized based on a phosphoramidite method with
the use of a nucleic acid synthesizer (trade name: ABI Expedite (registered
trademark) 8909 Nucleic Acid Synthesis System, Applied Biosystems). In
the synthesis, RNA Phosphoramidites (2’-O-TBDMS]i, trade name, Samchully
Pharm. Co., Ltd.) were used as RNA amidites (the same applies hereinafter).
The amidites were deprotected by a conventional method. The synthesized
RNAs were purified by HPLC. Each of the purified RNAs was lyophilized.
In the following examples, synthesis of RNAs was carried out in the same
manner as 1n the present example, unless otherwise stated.
[0163] The lyophilized RNA was dissolved in distilled water for injection
(Otsuka Pharmaceutical Co., Ltd., hereinafter the same) so as to achieve
desired concentrations.
[0164] (Example A2) Inhibitory effect on the GAPDH gene expression in
HCT116 cells

Using the ssRNA of the present invention, inhibition of the GAPDH
gene expression in vitro was examined.
[0165] (1) Materials and Method

As RNA (Ex) of the present example, ssRNA (NK-0016) of Example

A1l was used.
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Ex: NK-0016 (SEQ ID NO: 2)

57— caugagaaguaugacaacagccCCACACCGECUGUUGUCAUACUUCUCAUGGUUCUUCGgaa —37
XC x by Yc

[0166] RNA solutions were prepared by dissolving the RNA in distilled
water for injection so as to achieve desired concentrations. HCT116 cells
(DS Pharma Biomedical Co., Ltd.) were used as cells. A 10% FBS-containing
McCoy’s 5A (Invitrogen) medium was used as a medium. The culture
conditions were set to 37°C and 5% COes.

[0167] First, the HCT116 cells were cultured in the medium, and were
dispensed to a 24-well plate so that each well contained 400 pul of the medium
to achieve a density of 2 x 10? cells/well. The cells in the wells were cultured
for another 24 hours. Thereafter, the cells were transfected with the RNA
using a transfection reagent Lipofectamine 2000 (trade name, Invitrogen)
according to the protocol supplied therewith. Specifically, the transfection
was carried out by setting the composition per well as follows. The final
concentration of the RNA in the well was set to 5 nmol/l, 10 nmol/l, 20 nmol/l,
or 40 nmol/l.

[0168] [Table 1]

(Composition per well: ul)

Medium 400
(A) Lipofectamine 2000 1.5
(B) Opti-MEM (Invitrogen) 98
(C) RNA solution 0.5
Total 500

[0169] After the transfection, the cells in the wells were cultured for 48
hours, and then, the RNA was collected using an RNeasy Mini Kit (trade
name, Qiagen) according to the protocol supplied therewith. Subsequently,

cDNA was synthesized from the RNA using a reverse transcriptase (trade
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name: SuperScript III, Invitrogen) according to the protocol supplied
therewith. Then, PCR was carried out using the thus-synthesized cDNA as
a template, and the expression level of the GAPDH gene and that of the
B-actin gene as an internal standard were measured. The expression level of
the GAPDH gene was corrected with reference to that of the 3-actin gene.
[0170] The PCR was carried out using a LightCycler FastStart DNA Master
SYBR Green I (trade name, Roche) as a reagent and a Light Cycler DX400
(trade name, Roche) as an instrument (hereinafter the same). The GAPDH
gene and the -actin gene were amplified using the following primer sets,
respectively.
Primer set for GAPDH gene
5-GGAGAAGGCTGGGGCTCATTTGC-3 (SEQ ID NO: 9)
5-TGGCCAGGGGTGCTAAGCAGTTG-3 (SEQ ID NO: 10)
Primer set for B-actin gene

5-GCCACGGCTGCTTCCAGCTCCTC-3 (SEQ ID NO: 11)

5-AGGTCTTTGCGGATGTCCACGTCAC-3 (SEQ ID NO: 12)
[0171] As Control 1, regarding the cells to which 100 ul of (B) only had been
added, the expression levels of the genes also were measured (-).
Furthermore, as Control 2, regarding the cells subjected to the same
transfection procedures as in the above except that the RNA solution was not
added and that (B) and 1.5 pul of (A) were added so that the total amount of
(A) and (B) would be 100 pl, the expression level of the gene also was
measured (mock).
[0172] Then, the corrected expression level of the GAPDH gene in the control
(-) was set as 1, and that in the cells transfected with the RNA at each
concentration was presented as the relative value to that in the control (-)..
[0173] (2) Results

The results thereof are shown in FIG. 4. FIG. 4 is a graph showing

the relative expression level of the GAPDH gene. As can be seen from FIG.

4, when NK-0016 was used, the expression amount was smaller than that in
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the control (-) to which the RNA was not added. Thus, it was found that
NK-0016 inhibits the expression of the GAPDH gene. Also, as can be seen
from FIG. 4, it was found that NK-0016 exhibits an inhibitory effect in a
dose-dependent manner.
[0174] (Example A3) Inhibitory effect on the GAPDH gene expression in
HCT116 cells

Using the ssRNA of the present invention, inhibition of the GAPDH
gene expression in vitro was examined.
[0175] (1) Materials and Method

As RNA (Ex) of the present example, the ssRNA (NK-0016) of
Example A1 was used. As RNA of a comparative example, the dsRNA
(NI-0011) as an RNAI positive control (Pc) was used. RNA solution was
prepared by dissolving each of the RNAs in distilled water for injection so as
to achieve a concentration of 40 umol/l.
[0176] The expression level of the GAPDH gene in the HCT116 cells was
examined in the same manner as in Example A2, except that the above RNA
solution was used. The RNA concentration at the time of transfection was
set to 40 nmol/l.
[0177] (2) Results

The results thereof are shown in FIG. 5. FIG. 5 is a graph showing
the relative expression level of the GAPDH gene, and the vertical axis
indicates the relative gene expression amount. As can be seen from FIG. 5,
NK-0016 of the example exhibited a very powerful inhibitory activity, as
compared with NI-0011 of the comparative example.
[0178] (Example A4) Inhibitory effect on the GAPDH gene expression in
A549 cells and 293 cells

Using the ssRNA of the present invention, inhibition of the GAPDH
gene expression in vitro was examined.
[0179] (1) Materials and Method

As RNAs (Ex) of the present example, NK-0016 of Example Al and
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Ex-ssRNA (PK-0004) shown below were used. In PK-0004, a linker region
(Lx) and a linker region (Ly) were provided by linking Compound 10
(L-proline-diamide-amidite) in Scheme 3 shown in the Examples B between
Xc and X and between Yc and Y, respectively. The chemical formula of both
the linkers is shown below. The sequences of NK-0016 and PK-0004 are
identical except for the linker region (Lx) between Xc and X and the linker

region (Ly) between Yc and Y.

Ex: NK-0016 (SEQ ID NO: 2)

5/- caugagaaguaugacaacagccCCACACCGGCUGUUGUCAUACUUCUCAUGGUUCUUCEgas —37
Xc X Y Y

Ex:PK-0004 (SEQ ID NO: 13)

5'—.caugagaaguaugacaacagccrLx—gGCUGUUGUCAUACUUCUCAUGGUUQ-Ly1gaa‘—3'
Xc A Yc

(9H2)4o—§
NH

O
'”l(

]
g_O(Hzc)s)L D

[0180] RNA solution was prepared by dissolving each of the RNAs in
distilled water for injection so as to achieve a concentration of 20 pmol/I.
A549 cells and 293 cells (DS Pharma Biomedical Co., Ltd.) were used as cells.
As a medium for the former cells, a 10% FBS-containing DMEM (Invitrogen)
was used. As a medium for the latter cells, a 10% FBS-containing MEM
(Invitrogen) was used. The culture conditions were set to 37°C and 5% COx.

[0181] First, the cells of each type were cultured in the medium, and were
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dispensed to a 24-well plate so that each well contained 400 pul of the medium
to achieve a density of 5 x 104 cells/well. The cells in the wells were cultured
for another 24 hours. Thereafter, the cells were transfected with the RNA
using a transfection reagent Lipofectamine 2000 (trade name, Invitrogen)
according to the protocol supplied therewith. Specifically, the transfection
was carried out by setting the composition per well as follows for the A549
cells and the 293 cells. In the following composition, (B) is Opti-MEM (trade
name, Invitrogen), and (C) is the RNA solution of 20 u mol/l, and they were
added so that the total amount of (B) and (C) would be 98.5 ul or 99 ul. The

final concentration of the RNA in the well was set to 1 nmol/l, 3 nmol/l, or 10

nmol/l.

[Table 2]

(Composition per well: ul)

A549 cells 293 cells

Medium 400 400
(A) Lipofectamine 2000 1.5 1
B) + (O 98.5 99
Total 500 500

[0182] After the transfection, the cells were cultured for 48 hours. Then,
collection of the RNA, synthesis of cDNA, and PCR were carried out in the
same manner as in Example A2, and the relative expression amount of the
GAPDH gene was determined.
[0183] (2) Results

The results thereof are shown in FIGs. 6 and 7. FIG. 6 shows the
result obtained regarding the A549 cells, and FIG. 7 shows the result
obtained regarding the 293 cells. FIGs. 6 and 7 are each a graph showing
the relative expression level of the GAPDH gene. As can be seen from FIGs.
6 and 7, it was found that NK-0016 and PK-0004 according to the present

example exhibit a potent inhibitory activity, and they exhibit an inhibitory
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effect in a concentration-dependent manner.
[(0184] (Example A5) Inhibitory effects on the TGF-f1 gene expression in
Hepal-6 cells

Regarding the ssRNA of the present invention, the effect of inhibiting
the TGF-B1 gene expression in vitro was examined.
[0185] (1) Materials and Method

As RNA (Ex) of the present example, ssRNA (NK-0033) shown below
was used. NK-0033 includes the following 21-mer sequence that inhibits the
expression of the TGF-f1 gene. This sequence was designed based on the
siRNA used by Cheng et al. (Mol. Pharm., 2009, 6, pp. 772-779).

TGF-B1 gene expression inhibitory sequence (SEQ ID NO: 16)
5-AAAGUCAAUGUACAGCUGCUU-3

[0186] As RNA of a comparative example, ssRNA (NK-0035) shown below as
an RNAIi negative control (Nc) was used. NK-0035 was designed so as to
incorporate, instead of the expression inhibitory sequence, a scrambled

sequence that is not involved in the expression inhibition.

Ex: NK-0033 (SEQ ID NO: 80)

§’ - CcagcuguacauugacuuuagccCCACACCGECUAAAGU CAAUGUACAGCUGCUUCUUCEgaa-3"

Xc Z Tc

Ne: NK-0035 (SEQ ID NO: 15)

57 -ugucagugcucauuuacaagccCCACACCGECUUGUAAAUGAGCACUGACACUUCUUCGgaa-3 7

Xc A Yc

[0187] RNA solution was prepared by dissolving each of the RNAs in
distilled water for injection. Hepal-6 cells (The RIKEN BioResource Center)
were used as cells, and a10% FBS-containing DMEM (Invitrogen) was used
as a medium. The culture conditions were set to 37°C and 5% COs.

[0188] First, the Hepal-6 cells were cultured in the medium, and were

dispensed to a 24-well plate so that each well contained 400 pul of the medium
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to achieve a density of 3x104 cells/well. The cells in the wells were cultured
for another 24 hours. Thereafter, the cells were transfected with the ssRNA
using a transfection reagent Lipofectamine 2000 (trade name, Invitrogen)
according to the protocol supplied therewith. Specifically, the transfection
was carried out by setting the composition per well as follows. In the
following composition, (B) is Opti-MEM (trade name, Invitrogen), and (C) is
the RNA solution of 20 umol/l, and they were added so that the total amount
of (B) and (C) would be 98.5 ul. The final concentration of the RNA in the
well was set to 10 nmol/l, 25 nmol/l, 50 nmol/l, or 100 nmol/l.

[Table 3]

(Composition per well: ul)

Medium 400
(A) Lipofectamine 2000 1.5
B) + (O 98.5
Total 500

[0189] After the transfection, the cells in the wells were cultured for 48
hours, and then, the RNA was collected using an RNeasy Mini Kit (trade
name, Qiagen) according to the protocol supplied therewith. Subsequently,
cDNA was synthesized from the RNA using a reverse transcriptase (trade
name: SuperScript III, Invitrogen) according to the protocol supplied
therewith. Then, PCR was carried out in the same manner as in Example
A2, except that the following primer set for TGF-f1 gene and the following
primer set for the B-actin gene were used, and the expression level of the
TGF-B1 gene and that of the -actin gene as an internal standard were
measured. The expression level of the TGF-f1 gene was corrected with
reference to that of the f-actin gene.
Primer set for TGF-81 gene
5-CCATTGCTGTCCCGTGCAGAGCTG-3' (SEQ ID NO: 17)
5-ATGGTAGCCCTTGGGCTCGTGGATC-3 (SEQ ID NO: 18)
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Primer set for f-actin gene amplification
5-GTCGTACCACAGGCATTGTGATGG-3 (SEQ ID NO: 19)
5-GCAATGCCTGGGTACATGGTGG-3 (SEQ ID NO: 20)

[0190] Regarding each of the control () and the control (mock), the
expression level was measured in the same manner as in Example A2. The
corrected expression level of the TGF-B1 gene in the control (-) was set as 1,
and that in the cells transfected with each RNA was presented as the relative
value to that in the control.
[0191] (2) Results

The results thereof are shown in FIG. 8. FIG. 8 is a graph showing
the relative expression level of the TGF-f1 gene. As can be seen from FIG.
8, NK-0033 according to the example inhibited the expression of the TGF-f1
gene in vitro. On the other hand, NK-0035 as a negative control did not
inhibit the expression of the TGF-$1 gene.
[0192] (Example A6) Inhibitory effects on TGF-B1 gene expression and acute
lung injury in vivo

Regarding the ssRNA of the present invention, the inhibitory effects
on the expression and the acute lung injury in vivo were examined. These
effects were examined according to the method described in Takagi et al. (J.
Thromb Hemost 2009; 7: pp. 2053-2063).
[0193] (1) Materials and Method
(1.1) Administration of ssRNAs to mice with acute lung injury

As RNA (Ex) of the present example, the ssRNA (NK-0033) of
Example A5 was used. As RNA of a comparative example, ssRNA
(NK-0035) as an RNAI negative control (Nc) shown in Example A5 was used.
[0194] RNA solution was prepared by dissolving 100 ug of each of the
ssRNAs in 80 pl of sterile physiological saline (Nippon Kayaku Co., Ltd.,
hereinafter the same). On the other hand, an LPS solution was prepared by
dissolving 100 pg of lipopolysaccharide (LPS) in 50 ul of sterile physiological

saline.



64

[0195] First, 80 ul of the RNA solution was instilled in tracheae of mice.
Then, 1 hour after the instillation, 50 ul of the LPS solution was instilled in
the tracheae of the mice to induce lung injury.

[0196] As a negative control for the LPS, 50 ul of sterile physiological saline
containing no LPS was used instead of the LPS solution. Also, as a negative
control for the RNA solution, 80 ul of sterile physiological saline was used.
[0197] The administration groups are shown below. In each administration
group, four to six mice were used.

Administration group 1:

1 hour after the administration of 80 ul of the sterile physiological
saline, 50 ul of the sterile physiological saline was administered.
Administration group 2:

1 hour after the administration of 80 ul of the RNA solution
(NK-0033), 50 ul of the sterile physiological saline was administered.
Administration group 3:

1 hour after the administration of 80 ul of the RNA solution
(NK-0035), 50 ul of the sterile physiological saline was administered.
Administration group 4:

1 hour after the administration of 80 ul of the sterile physiological
saline, 50 pul of the LPS solution was administered.

Administration group 5:

1 hour after the administration of the RNA solution (NK-0033), 50 ul
of LPS solution was administered.
Administration group 6:

1 hour after the administration of the RNA solution (NK-0035), 50 ul
of LLPS solution was administered.

[0198] (1.2) Sampling of bronchoalveolar lavage fluid (BALF)

24 hours after the instillation of the LPS solution, the mice were
euthanized by administering an excess of pentobarbital to their abdominal

cavities, and they were used as samples for the biochemical analysis and the
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histological analysis. As a negative control, sterile physiological saline was
used instead of the LPS solution.
[0199] Blood samples were collected by puncturing the hearts of the mice.
Each blood sample was added to a test tube containing a 3.8% aqueous
solution of sodium citrate. The amount (volume) of the aqueous solution of
sodium citrate was set to 1/10 of the blood sample. A BALF sample was
collected from this mixture in a manner described in Yasui et al. (Am J
Respir Crit Care Med 2001: 163: 1660-8). Then, the total number of cells in
the BALF sample was measured using a Nucleo Counter (trade name,
ChemoMetec).
[0200] The BALF sample was centrifuged, and the supernatant of the BALF
sample was collected. The supernatant was stored at —80°C until the
biochemical analysis was conducted. Furthermore, in order to count the
different kinds of cells contained in the BALF sample, the BALF sample was
centrifuged using a Cytospin, and the separated cells were subjected to
Giemsa staining using a May-Grunwald-Giemsa (trade name, Merck). Also,
lung tissues were collected from the mice and then stained with HE.
[0201] (2) Results
(2.1) Inhibition of TGF-B1 expression in lung

Regarding each lung sample of the mice, the expression level of the
TGF-1 gene per unit lung weight was measured using a TGF-f1 Quantikine
Colorimetric Sandwich ELISA (trade name, R&D Systems).
[0202] The results thereof are shown in FIG. 9. FIG. 9 is a graph showing
the expression level of TGF-1 per unit lung weight in each administration
group. In the administration group 4 (LPS (+)/RNA (-)), the expression level
of TGF-B1 was increased as a result of the LPS treatment, as compared with
that in the administration group 1 (LPS (-)/RNA (-)). In the administration
group 5 (LPS (+)/NK-0033 (+)) of the example, an increase in the expression
level of TGF-f1 was inhibited as compared with that in the administration

group 4 (LPS (+)/RNA (). This inhibitory effect was not observed in the
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administration group 6 (LPS (+)/negative control NK-0035 (+)). These
results demonstrate that NK-0033 of the example can effectively inhibit the
expression of the TGF-f1 gene.
[0203] (2.2) Inhibitory effect on acute lung injury

Inflammation in acute lung injury is caused by the infiltration of cells
such as neutrophils into lungs. Thus, drugs that inhibit the infiltration of
cells such as neutrophils into lungs can be used as therapeutic agents for
inflammation in acute lung injury. Thus, the pharmacological effect of the
ssRNA of the present invention was examined by counting the number of
cells in bronchoalveolar lavage fluid (BALF) as an indicator of the number of
cells having infiltrated to the lungs.
[0204] The results of counting the number of cells in the BALF sample are
shown in FIG. 10. FIG. 10 is a graph showing the number of cells in the
BALF sample in each administration group. In the administration group 4
(LPS (+)/RNA (-)), the number of cells in the BALF sample increased as a
result of the LPS treatment, as compared with that in the administration
group 1 (LPS (-)/RNA (-)). This indicates that LPS induced an
inflammatory action, whereby the cells were allowed to infiltrate into the
lungs. In the administration group 5 (LPS (+)/NK-0033 (+)) of the example,
an increase in the number of cells was inhibited as compared with that in the
administration group 4 (LPS (+)/RNA (-)). This indicates that inflammation
in acute lung injury was inhibited by NK-0033. This inhibitory effect was
not observed in the administration group 6 (LPS (+)/negative control
NK-0035 (+)). These results demonstrate that NK-0033 of the example can
inhibit inflammation in acute lung injury effectively.
[0205] The results of measuring the number of neutrophils in the BALF
sample are shown in FIG. 11. FIG. 11 is a graph showing the number of
neutrophils in the BALF sample in each administration group. In the
administration group 4 (LPS (+)/RNA (-)), the number of neutrophils in the

BALF sample increased as a result of the LPS treatment, as compared with
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that in the administration group 1 (LPS (-)/RNA (-)). This indicates that
LPS induced an inflammatory action, whereby the neutrophils were allowed
to infiltrate into the lungs. In the administration group 5 (LPS (+)/NK-0033
(+)) of the example, an increase in the number of neutrophils in the BALF
sample was inhibited as compared with that in the administration group 4
(LPS (+)/ssRNA (-)). This indicates that inflammation in acute lung injury
was inhibited by NK-0033. This inhibitory effect was not observed in the
administration group 6 (LPS (+)/negative control NK-0035 (+)). These
results demonstrate that NK-0033 of the example can inhibit inflammation in
acute lung injury effectively.
[0206] (2.3) Histological observation: Giemsa staining

The results of the Giemsa staining are shown in FIG. 12. FIG. 12
show photographs (x 100) each showing the result of the Giemsa staining of
the cells in the BALF sample. FIG. 12A shows the result obtained regarding
the administration group 4 (LPS (+)/RNA (-)). FIG. 12B shows the result
obtained regarding the administration group 6 (LPS (+)/negative control
NK-0035 (+)). FIG. 12C shows the result obtained regarding the
administration group 5 (LPS (+)/NK-0033 (+)).
[0207] As can be seen from FIG. 12, in the administration group 5 (FIG. 12C:
LPS (+)/NK-0033 (+)) of the example, the number of the cells having
infiltrated into the lungs was markedly lower than those in the
administration group 4 (FIG. 12A: LPS (+)/RNA (-)) and the administration
group 6 (FIG. 12B: LPS (+)/negative control NK-0035 (+)). The results of
this histological observation agree with the results of counting the number of
cells in the BALF sample described above.
[0208] (2.4) Histological observation: HE staining

The results of the HE staining are shown in FIG. 13. FIG. 13 show
photographs (x 10) each showing the result of the HE staining of the lung
tissue. FIG. 13A shows the result obtained regarding the administration
group 4 (LPS (+)/RNA (-)). FIG. 13B shows the result obtained regarding
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the administration group 6 (LPS (+)/negative control NK-0035 (+)). FIG.
13C shows the result obtained regarding the administration group 5 (LPS
(+)/NK-0033 (+)) From FIG. 13, it was found that infiltration of the cells
such as neutrophils into the vicinity of blood vessels, alveolar spaces, alveolar
walls, and the vicinity of bronchial tubes was decreased and the damages to
the lung tissues were decreased.
[0209] (Example A7) Evaluation of side effect using interferon induction as
indicator

It 1s known that conventional RNAi agents bring about a side effect
that interferon is induced in a sequence-independent manner, and this side
effect is perceived as a problem. Thus, regarding the ssRNA of the present
invention, interferon induction as the side effect was evaluated.
[0210] (1) Materials and Method

The ssRNA was administered to mice with acute lung injury in the
same manner and under the same conditions as in Example A6. Then, 24
hours after the instillation of the LPS solution or sterile physiological saline
(negative control for LPS), the mice were euthanized, and their lung tissues
were collected.

[0211] [Table 4]

Administration RNA LPS
group
1 — —
2 Ex: NK-0033 -
4 — +
5 Ex: NK-0033 +

EX: RNA of the example

[0212] In order to measure the expression level of each gene, RNA was
isolated from each of the lung tissues using TRIZOL (trade name, Invitrogen).
Next, cDNA was synthesized from the RNA using a reverse transcriptase

(trade name: SuperScriptll, Invitrogen) according to the protocol supplied
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therewith. Then, PCR was carried out using the thus-synthesized cDNA as
a template, and the expression levels of the TGF-f1 gene, IFN-a gene, and
IFN-B gene were measured.
[0213] The PCR was carried out using Gold AmpliTaq (trade name, Applied
Biosystem, USA) as a reagent and AB Applied Biosystem 7600 (trade name,
Applied Biosystem) as a measuring instrument. The TGF-B1 gene, the
IFN-a gene, and the IFN-B gene were amplified using the following primer
sets, respectively.
Primer set for GAPDH gene
5-CCCTTATTGACCTCAACTACATGGT-3 (SEQ ID NO: 21)
5-GAGGGGCCATCCACAGTCTTCTG-3 (SEQ ID NO: 22)
Primer set for TGF-B1 gene
5-ACTCCACGTGGAAATCAACGG-3 (SEQ ID NO: 23)
5-TAGTAGACGATGGGCAGTGG-3 (SEQ ID NO: 24)
Primer set for IFN-a gene
5-ATGGCTAGRCTCTGTGCTTCCT-3 (SEQ ID NO: 25)
5-AGGGCTCTCCAGAYTTCTGCTCTG-3’ (SEQ ID NO: 26)
Primer set for IFN- gene
5-CATCAACTATAAGCAGCTCCA-3' (SEQ ID NO: 27)
5-TTCAAGTGGAGAGCAGTTCAG-3 (SEQ ID NO: 28)
[0214] Then, each of the thus-obtained PCR products was subjected to
agarose gel electrophoresis. The density analysis of the agarose gel was
performed using an NIH imaging system, and the expression levels of the
respective genes were measured. The expression levels of the TGF-B1 gene,
IFN-a gene, and IFN- gene were evaluated relatively with reference to the
expression level of the GAPDH gene as the standard. Specifically, the
measured intensity of the PCR product obtained using the primer set for the
GAPDH, was set as 1, and those for the respective genes were evaluated as
relative value to that for the GAPDH.
[0215] (2) Results and Consideration
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The results of quantitative analysis regarding the expression levels of
the TGF-B1 gene, IFN-a gene, and IFN- gene are shown in the graphs of
FIGs.14A to 14C, respectively. The administration groups are as shown
below and are the same as in Example A6.
[0216] FIG. 14A shows the results of measuring the expression level of the
TGF-B1 gene. As can be seen from FIG. 14A, in the administration group 5
of the example to which NK-0033 was administered, an increase in the
TGF-B1 gene expression inducted by LPS was inhibited, as compared with
that in the administration group 4 (RNA (-)). This result correlates with the
results of measuring the expression level of TGF-§1 in Example A5, which
are shown in FIG. 8.
[0217] FIG. 14B shows the results of measuring the expression level of the
IFN-a gene, and FIG. 14C shows the results of measuring the expression
level of the IFN- gene. As can be seen from FIGs. 14B and 14C, when LPS
was not instilled, it was found from the comparison between the
administration group 1 (RNA (-)) and the administration group 2 (RNA (+))
that the expressions of the IFN-a gene and the IFN-B gene, which are both
type I interferon, were not induced by the instillation of the ssRNA. Also, as
can be seen from FIGs. 14B and 14C, when LPS was instilled, it was revealed
from the comparison between the administration group 4 (RNA (-)) and the
administration group 5 (NK-0033 (+)) that the expressions of both the IFN-«
gene and the IFN- gene were not induced by the instillation of the ssRNA.
[0218] These results contrast with the fact that the use of conventional
siRNAs causes a side effect that type I interferon is induced. That is, it is
demonstrated that, unexpectedly, the ssRNA of the present invention does
not cause interferon induction as the side effect that has been perceived as a
problem in conventional siRNAs.
[0219] (Example A8) Inhibitory effect on the TGF-B1 gene expression in
Hepal-6 cells

Regarding the ssRNA of the present invention, the inhibitory effet on
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the TGF-B1 gene expression in vitro was examined.
[0220] (1) Materials and Method

As RNAs (Ex) of the present example, NK-0033 of Example A5 and
NK-0061, NK-0055, and NK-0062 shown below were used. In the following

Gokedd 2

sequences, indicates an unpaired base.

Ex: NK-0033 (SEQ ID NO: 80)

5/ -Cagcuguacauugacuuuage gcCACACcIGGCUAAAGUCAAUGUACAGCUGéUUCIUUcqga a-3'

Xc Z Y
Ex: NK-0061 (SEQ ID NO: 29)

X %k
57 - agcuguacauugacuuuagce cICCACACCgGCUAAAGUCAAUGUACAGCUGCUUCpUCG.a aa -3/
Xc Z YcC

Ex: NK-0055 (SEQ ID NO: 30)

L

x
57 - agcagcuguacauugacuuuagc cCCACACCEGCUARAGUCAAUGUACAGCUGCUUCUUCGY -3
XC Z Y

Q

Ex: NK-0062 (SEQ ID NO: 31)

X %
5’ - gcagcuguacauugacuuuagccCCACACCEECUARAGUCARUGUACAGCUGCUUCTUC Gg - 3f
Xc Z YC

[0221] Also, as RNAs (Ex) of the present example, PK-0007, PK-0026,
PK-0027, and PK-0028 shown below were used. In each of these ssRNAs, a
linker region (Lx) and a linker region (Ly) were provided by linking
Compound 10 (L-proline-diamide-amidite) in Scheme 3 shown in Examples B

between Xc and X, and between Yc and Y, respectively.

Ex: PK-0007 (SEQ ID NO: 32)

b'—.cagcuguacauugacuuuagccrLx—§GCUAAAGUCAAUGUACAGCUGCUUQ—Ly—gaa -3’
Xc Z YTe

Ex: PK-0026 (SEQ ID NO: 33)
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5’ - agcuguacauugacuuuagcc-Lx-GGCUAAAGUCAAUGUACAGCUGCUUC-Ly—gaa —37
Acl Z Yc

Ex: PK-0027 (SEQ ID NO: 34)

5’ - agcagcuguacauugacuuuagcc-Lx-GECUAAARAGUCAAUGUACAGCUGCUVC-Ly-g -37
N ] L I} b |
Xc 7 Yc

Ex: PK-0028 (SEQ ID NO: 35)

5'- gcagcuguacauugacuuuagces-Lx-GGCUAAAGUCAAUGUACAGCUGCUUG-Ly g ~37
Xec Z Yc

[0222] The sequences of NK-0033, NK-0061, NK-0055 and NK-0062 are the
same as those of PK-0007, PK-0026, PK-0027 and PK-0028, respectively,
except for the first linker (IL1) and the second linker (L2). They all have a
sequence that inhibits the expression of the TGF-B1 gene (SEQ ID NO: 16).
[0223] (1.2) Inhibition of gene expression

RNA solution was prepared by dissolving each of the RNAs that had
been cryopreserved in distilled water for injection so as to achieve a
concentration of 20 umol/l. Then, transfection of the ssRNA to the Hepal-6
cells, collection of RNA, synthesis of cDNA, PCR, and determination of the
relative expression level of the TGF-31 gene were carried out in the same
manner as in Example A5, except that the above RNA solution was used.
The RNA concentration at the time of the transfection was set to 1 nmol/l.
[0224] (2) Results

The results thereof are shown in FIGs. 15 and 16. FIGs. 15 and 16
are each a graph showing the relative expression level of the TGF-$1 gene.
FIG. 15 shows the results obtained when NK-0033, NK-0061, NK-0055, and
NK-0062 were used, and FIG. 16 shows the results obtained when PK-0007,
PK-0026, PK-0027, and PK-0028 were used. As can be seen from FIGs. 15
and 16, these ssRNAs all exhibited potent inhibitory activities.
[0225] (Example A9) Inhibitory effects on the TGF-B1 gene expression and

acute lung injury in vivo
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[0226] (A9-1) Inhibitory effect on the TGF-B1 gene expression effect in vivo
Using the ssRNA of the present invention, the effect of inhibiting
TGF-B1 gene expression in vivo was examined.
[0227] (1) Materials and Method
Administration of the RNA to acute lung injury mice was carried out
in the same manner as in Example A6, unless otherwise stated.
[0228] As RNAs (Ex) of the present example, PK-0007 and NK-0033 of
Example A8 were used. Furthermore, as RNA of a comparative example,
PK-0008 and NK-0035 as RNAI negative controls (Nc), dsRNA (NI-0030) as
an RNAI positive control (Pc), and dsRNA (NI-0031) as an RNAi negative
control (Nc) shown below were used. PK-0008 as the negative control has
linkers Lx and Ly derived from the above-described amidite (Compound 10 in
Scheme 3: L-proline-diamide-amidite), and these linkers are the same as
those in PK-0007.
[0229]

Ex: PK-0007 (SEQ ID NO: 32)

5’—‘caqcuguacauugacuuuagccrLx—§GCUAAAGUCAAUGUACAGCUGCUUq—Ly—gaa -3
xe Z Ye

Nec: PK-0008 (SEQ ID NO: 36)

5= ugucagugcucauuuacaagcc- Lx-GEGCUVUGUAAAUGAGCACUGACACUUC-Ly-gaa -3
Xc Z Tc

Ex: NK-0033 (SEQ ID NO: 80)

5’ - CagcuguacauugacuuuagccCCACACCEGCUAAAGU CAAUGUACAGCUGCUUCUUCGgaa-3

Xc Z Yc

Nc: NK-0035 (SEQ ID NO: 15)

57 -ugucagugcucauuuacaagccCCACACCGGCUUGUAAAUGAGCACUGACACUUCUUCGgaa-3

Xc Z Yc

Pc: NI-0030
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57 - GCAGCUGUACAUUGACUUUAG -3/ (SEQ ID NO:39)

3/ - UUCGUCGACAUGUAACUGAAA -5 (SEQ ID NO:40)
Nc: NI-0031

57 - GUGUCAGUGCUCAUUUACAAG -3/ (SEQ ID NO:41)

3/ - UUCACAGUCACGAGUAAAUGU -5 (SEQ ID NO:42)

[0230] RNA solution was prepared by dissolving 100 ug of each of the RNAs
in 75 ul of sterile physiological saline. On the other hand, an LPS solution
was prepared by dissolving 100 ng of lipopolysaccharide (LPS) in 50 ul of
sterile physiological saline.

[0231] Administration groups are shown below. Unless otherwise stated,
the administeration was carried out in the same manner as in Example A6.
In each administration group, four to six mice were used.

Administration group 1:

5 minutes after the administration of 75 ul of sterile physiological
saline, 50 ul of sterile physiological saline was administered.
Administration group 2:

5 minutes after the administration of 75 ul of sterile physiological
saline, 50 pul of the LPS solution was administered.

Administration group 3:

5 minutes after the administration of 75 pul of the RNA solution
(PK-0007), 50 ul of the LPS solution was administered.

Administration group 4:

5 minutes after the administration of 75 pul of the RNA solution
(PK-0008), 50 ul of the LPS solution was administered.

Administration group 5:

5 minutes after the administration of 75 pul of the RNA solution
(NK-0033), 50 ul of the LPS solution was administered.

Administration group 6:

5 minutes after the administration of 75 pul of the RNA solution
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(NK-0035), 50 ul of the LPS solution was administered.
Administration group 7:

5 minutes after the administration of 75 ul of the RNA solution
(NI-0030), 50 ul of the LPS solution was administered.
Administration group 8:

5 minutes after the administration of 50 ul of the RNA solution
(NI-0031), 50 ul of the LPS solution was administered.
[0232] Then, lung samples were prepared and the expression level of TGF-$1
per unit lung weight was measured in the same manner as in Example A6.
[0233] The results thereof are shown in FIG. 17. FIG. 17 is a graph
showing per unit lung weight in each administration group. In the
administration group 3 (LPS (+)/PK-0007 (+)) and the administration group
5 (LPS (+)/NK-0033 (+)), the expression level of the TGF-f1 gene was
inhibited as compared with that in the administration group 2 (LPS
(+)/ssRNA (-)). It was found that these inhibitory effects were stronger than
that in the administration group 7 (LPS (+)/positive control NI-0030). In
particular, in the administration group 3 (LPS (+)/PK-0007 (+)), a marked
inhibitory effect was observed. In the administration groups to which
negative control RNAs were administered, namely, the administration group
4 (PK-0008), the administration group 6 (NK-0035), and the administration
group 8 (NI-0031), no inhibitory effect was observed.
[0234] (A9-2) Off-target effect in vivo

Using the ssRNA of the present invention, the off-target effect in vivo
was examined and the side effect was evaluated.
[0235] As RNA of the present example, the ssRNA (PK-0007) of Example A8
was used. As RNAs of a comparative example, ssRNA (PK-0008) as an RNAi
negative control (Nc), dsRNA (NI-0030) as an RNAI positive control (Pc), and
dsRNA (NI-0031) as an RNAi negative control shown in Example A9-1 were
used. RNA solution was prepared by dissolving 100ug of each of the RNAs
in 75 ul of sterile physiological saline.
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[0236] Administration groups are shown below. In each administration
group, two to four mice were used.
Administration group 1:

75 ul of sterile physiological saline was administered.
Administration group 2:

75 ul of the RNA solution (PK-0007) was administered.
Administration group 3:

75 ul of the RNA solution (PK-0008) was administered.
[0237] Then, 24 hours after the administeration, BALF samples were
collected from the mice and supernatants of the BALF samples were obtained
in the same manner as in Example A6. The amount of TNF-a and the
amount of IFN-B in each supernatant were measured. The amount of
TNF-a was quantified using a Mouse TNF set II (trade name, Beckton
Dickinson and Company) in accordance with its instructions for use. The
amount of IFN- was quantified using a ELISA plate produced using Rabbit
Anti-Mouse Interferon B (trade name, PBL Interf<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>